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(54)  Method  for  transforming  failure  transitions  of  the  finite-state  machine  into  a  s u c c e s s  
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(57)  A  constructing  method  of  a  finite  state  machine 
with  failure  transitions  FFM  is  disclosed.  The  machine 
FFM  is  constructed  from  a  nondeterministic  finite-state 
machine  and  a  string  of  external  inputs.  States  <p,q>  in 
the  machine  FFM  is  formed  of  a  state  set  q  included  in 
the  nondeterministic  finite-state  machine  and  a  set  p  de- 
fined  as  a  subset  of  the  state  set  q,  and  the  number  of 
states  <p,q>  is  finite.  Also,  an  external  input  c  takes  the 
machine  FFM  from  a  current  state  s  to  a  next  state  g(s, 
c)  and  an  output  u.(s)  is  output  from  the  next  state  g(s, 
c)  in  cases  where  a  value  g(s,c)  of  a  success  function  g 
is  defined,  and  an  external  input  c  takes  the  machine 
FFM  from  the  current  state  s  to  a  state  g(f(f—f(s)—))  de- 
termined  by  repeatedly  calculating  a  value  f(s)  of  a  fail- 
ure  function  f  until  a  value  g(f  (f—  f  (s)—  ))  defined  is  found 
out  in  cases  where  the  value  g(s,c)  of  the  success  func- 
tion  g  is  not  defined.  Because  all  of  transitions  from  the 
current  state  s  for  all  external  inputs  c  are  not  defined 
by  the  success  function  g,  a  storage  capacity  for  storing 
the  machine  FFM  is  considerably  reduced. 
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Description 

[0001]  The  present  invention  relates  to  a  method  for  constructing  a  finite-state  machine  which  is  utilized  for  an  au- 
tomatic  control  system  operated  according  to  outside  conditions  and  used  in  a  chemical  plant,  a  power  plant,  an  air- 

5  plane,  a  robot  and  a  radar  system  and  relates  to  a  method  for  transforming  failure  transitions  of  the  finite-state  machine 
according  to  a  failure  function  into  a  success  transition  according  to  a  success  function 
[0002]  A  concept  of  a  finite-state  machine  proposed  by  McCulloch  and  Pitts  in  1943  has  been  extended  by  many 
researchers,  and  various  characteristics  of  the  finite-state  machine  has  been  clarified.  The  finite-state  machine  has 
been  recently  utilized  for  the  research  and  development  in  the  industrial  world  and  an  academic  society  as  the  most 

10  simple  model  of  an  automaton  and  a  computer.  Also,  the  relationship  between  the  finite-state  machine  and  a  regular 
expression  relating  to  the  finite-state  machine  in  a  pair  has  been  profoundly  researched.  The  finite-state  machine  or 
a  finite-state  automaton  classified  as  a  type  of  finite-state  machine  and  the  regular  expression  have  been  reported  in 
various  publications  and  literatures  such  as  a  first  publication  -M.L.  Minsky,  "Computation:  Finite  and  Infinite  Ma- 
chines",  Englewood,  New  Jersey,  (1967)-,  a  second  publication  -E.J.  Hopcroft,  and  D.J.  Ullman,  "Formal  Languages 

is  and  their  Relation  to  Automata",  Addison-Wesley,  Mass.,  (1964)-,  a  third  publication  -translation  by  Nozaki  et  al., 
"Language  Theory  and  Automa",  Science  Inc.,  (1971)-,  a  fourth  publication  -A.  Salommaa,  "Theory  of  Automata", 
Pergamon  Press,  England,  (1  969)-,  a  fifth  publication  -  translated  by  Kitagawa  et  al.,  "Theory  of  Automata",  Kyoritsu 
Press,  (1964)-,  a  sixth  publication  -E.  Tomita  and  T.  Yokomori  "Automata  and  Theory  of  languages",  Morikita  Press, 
(1992)-,  and  a  literature  --Ft.  Mcnaughton  and  H.  Yamada,  "Regular  Expressions  and  State  Graphs  for  Automata", 

20  IRE  Transactions  on  Electronic  Computers",  (1960).  Therefore,  introductory  explanation  of  the  finite-state  machine 
and  various  concepts  accompanying  the  finite-state  machine  is  omitted,  and  formal  definitions  of  a  nondeterministic 
Moore  machine  NMO,  a  deterministic  Moore  machine  DMO,  regular  expressions  relating  to  the  machines  NMO  and 
DMO  and  regular  transformations  equivalent  to  the  extension  of  the  regular  expressions  are  merely  described. 
[0003]  The  nondeterministic  Moore  machine  is  initially  described. 

25  [0004]  The  nondeterministic  Moore  machine  NMO  =  (Q,Z,A,8,X,q)  representing  a  nondeterministic  finite-state  ma- 
chine  consists  of  a  finite  set  Q  of  states,  a  finite  input  sets  expressed  by  symbolizing  an  input  from  the  outside,  a  finite 
output  set  A  expressed  by  symbolizing  an  output  to  the  outside,  a  state-transition  function  8(p,a)  designated  by  a  current 
state  p  G  Q  of  the  nondeterministic  Moore  machine  NMO  and  an  input  a  G  Z  given  from  the  outside  for  assigning  a 
set  of  next  states  to  which  the  nondeterministic  Moore  machine  NMO  is  transferred  in  a  next  time,  an  output  function 

30  X(p')  designated  only  by  a  next  stale  p'  G  Q  for  determining  a  value  output  to  the  outside  while  the  state  transition  to 
the  next  state  p'  is  performed,  and  an  initial  state  q  G  Q.  The  next  states  are  necessarily  determined  by  values  8(p,a) 
of  the  function  8  for  all  inputs  a,  so  that  the  function  8  is  called  a  total  function. 
[0005]  In  the  above  formal  definition  of  the  nondeterministic  Moore  machine  NMO,  an  input  a  given  from  the  outside 
takes  states  of  the  machine  NMO  from  a  set  {p1  ,p2,—  ,pN}  of  current  states  (or,  initially  equivalent  to  a  set  {q}  of  the 

35  initial  states  q)  to  a  set  8(p1,a)XJ  —  XJ  8(pN,a)  of  next  states,  and  the  operation  that  a  value  {X(x)lxe  8(p1,a)  T U -  
TU  8(pN,a)}  is  output  is  repeated  at  the  same  time  with  each  of  the  state  transitions.  Here,  8(pi,a)  JJ  8(pj,a)  denotes 
a  union  of  8(pi,a)  and  8(pj,a).  Also,  even  though  any  input  a  is  given  to  the  machine  NMO  from  the  outside,  a  state 
transition  from  the  empty  set  c|>cQ  to  the  empty  set  §  is  performed  in  the  machine  NMO,  and  an  output  is  equal  to  the 
empty  set  §. 

40  [0006]  Though  the  state-transition  function  8(p,a)  is  the  total  function,  there  is  a  case  that  a  value  of  the  state-transition 
function  8(p,a)  is  equal  to  that  of  the  empty  set  §.  Therefore,  there  is  a  case  that  the  set  8(p1  ,a)  TJ—  XJ  8(pN,a)  of 
next  states  transferred  from  the  current  states  is  equal  to  the  empty  set  In  this  case,  current  states  newly  determined 
are  maintained  in  a  state  of  the  empty  set  $  according  to  the  above  regulation. 
[0007]  Next,  the  deterministic  Moore  machine  is  described. 

45  [0008]  The  deterministic  Moore  machine  DMO  =  (Q,Z,A,8',X,q)  representing  a  deterministic  finite-state  machine  con- 
sists  of  a  finite  set  Q  of  states,  a  finite  input  set  2  expressed  by  symbolizing  an  input  from  the  outside,  a  finite  output 
set  A  expressed  by  symbolizing  an  output  to  the  outside,  a  state-transition  function  8'(p,a)  that  assigns  to  a  current 
state  p  G  Q  of  the  deterministic  Moore  machine  DMO  and  input  a  G  2  given  from  the  outside  pair  a  next  state  to  which 
the  deterministic  Moore  machine  DMO  is  transferred  in  a  next  time,  an  output  function  X(p'),  depending  only  the  next 

so  state  p'EQ  translated,  that  determines  a  value  output  to  the  outside  while  the  state  transition  is  performed,  and  an 
initial  state  q  G  Q.  The  next  state  are  necessarily  determined  by  values  8'(p,a)of  the  function  8'  for  all  inputs  a,  so  that 
the  function  8'  is  called  a  total  function. 
[0009]  In  the  above  formal  definition  of  the  deterministic  Moore  machine  DMO,  an  input  a  given  from  the  outside 
takes  a  state  of  the  machine  DMO  from  a  current  state  p  (or,  initially  equivalent  to  the  initial  state  q)  to  a  next  state  8' 

55  (p,a),  and  the  operation  that  a  value  X  (8'(p,a))  is  output  to  the  outside  is  repeated  at  the  same  time  with  each  of  the 
state  transitions. 
[0010]  Because  the  state-transition  function  8'(p,a)  is  the  total  function  having  an  element  p  of  the  finite  set  Q,  there 
is  no  case  that  a  value  of  the  state-transition  function  8'(p,a)  is  equal  to  that  of  the  empty  set 

2 
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[0011]  Finally,  the  definition  of  the  regular  expression  is  described. 
[0012]  In  cases  where  a  finite  set  of  character  strings  is  expressed  by  2,  each  of  regular  expressions  on  the  finite 
set  2  denotes  a  character  string  on  the  finite  set  2  defined  according  to  following  seven  definitions.  In  this  case,  the 
empty  character  string  having  a  length  of  zero  is  included  in  the  finite  set  of  character  strings.  In  detail, 

5 
(1)  In  a  first  definition,  a  symbol  $  is  a  regular  expression  which  denotes  the  empty  set  of  character  string  on  the 
finite  set  2. 
(2)  In  a  second  definition,  a  symbol  e  is  a  regular  expression  which  denotes  a  set  of  character  strings  having  a 
length  of  zero  on  the  finite  set  2. 

10  (3)  In  a  third  definition,  a  symbol  a  is  a  regular  expression  which  denotes  a  set  {a}  (or  expressed  by  a  G  2)  on  the 
finite  set  2. 
(4)  In  a  fourth  definition,  symbols  R,  S  are  respectively  a  regular  expression  on  the  finite  set  2,  a  symbol  (R  +  S) 
is  a  regular  expression  denoting  a  set  {t  It  is  an  element  of  a  set  expressed  by  R  or  is  an  element  of  a  set  expressed 
by  S}. 

is  (5)  In  a  fifth  definition,  symbols  R,  S  are  respectively  a  regular  expression  on  the  finite  set  2,  a  symbol  (RS)  is  a 
regular  expression  denoting  a  set  {rs  I  r  is  an  element  of  a  set  expressed  by  R  and  s  is  an  element  of  a  set  expressed 
by  S}. 
(6)  In  a  sixth  definition,  a  symbol  R  is  a  regular  expression  on  the  finite  set  2,  a  symbol  (Ft*)  is  a  regular  expression 
equivalent  to  another  regular  expression  (—  ((e  +  R)  +  (RR))  +  (RRR))  +  —  )■ 

20  (7)  In  a  seventh  definition,  any  other  symbols  not  defined  by  one  of  the  first  to  sixth  definitions  are  not  the  regular 
expression.  Also,  one  or  more  parentheses  of  the  symbols  can  be  omitted  on  condition  that  the  symbols  are  in- 
terpreted  without  any  ambiguity. 

[0013]  Also,  a  regular  transformation  in  which  a  character  string  on  the  finite  set  2  is  transformed  into  another  char- 
ts  acter  string  on  a  finite  set  A  is  an  extended  concept  of  the  regular  expression  which  is  originally  defined  in  the  present 

invention,  and  the  regular  transformation  is  a  character  string  defined  according  to  following  definitions  indicating  a 
method  for  transforming  a  set  of  character  strings  on  the  finite  set  2  into  a  set  of  character  strings  on  the  finite  set  A. 

(1)  In  a  first  definition,  in  cases  where  a  symbol  R  is  a  regular  expression  of  a  set  of  character  strings  on  a  finite 
30  set  2  and  a  symbol  d  is  character  strings  on  a  finite  set  A,  a  symbol  (R/d)  is  a  regular  transformation  from  character 

strings  on  the  finite  set  2  to  character  strings  on  the  finite  set  A,  characterized  in  that  a  set  of  character  strings  R 
on  the  finite  set  2  is  transformed  into  another  set  {d}  of  character  strings  d  on  the  finite  set  A  and  another  set  of 
other  character  strings  on  the  finite  set  2  is  transformed  into  the  empty  set  on  the  finite  set  A. 
(2)  In  a  second  definition,  in  cases  where  symbols  (R/d),  (S/e)  respectively  are  a  regular  transformation  from 

35  character  strings  on  the  finite  set  2  to  character  strings  on  the  finite  set  A,  a  symbol  ((R/d)  +  (S/e))  is  a  regular 
transformation  from  character  strings  on  the  finite  set  2  to  character  strings  on  the  finite  set  A,  characterized  in 
that  a  set  of  character  strings  on  the  finite  set  2  not  indicated  by  S  but  indicated  by  R  is  transformed  into  the  set 
(d)  of  character  strings  d  on  the  finite  set  A,  a  set  of  character  strings  on  the  finite  set  2  not  indicated  by  R  but 
indicated  by  S  is  transformed  into  the  set  {e}  of  character  strings  e  on  the  finite  set  A,  and  a  set  of  character  strings 

40  on  the  finite  set  2  indicated  by  R  and  S  is  transformed  into  the  set  {d,e}  of  character  strings  on  the  finite  set  A. 
(3)  In  a  third  definition,  in  cases  where  symbols  (R/d),  (S/e)  respectively  area  regular  transformation  from  character 
strings  on  the  finite  set  2  to  character  strings  on  the  finite  set  A,  a  symbol  (R/d)(S/e))  is  a  regular  transformation 
from  character  strings  on  the  finite  set  2  to  character  strings  on  the  finite  set  A,  characterized  in  that  a  set  of 
character  strings  on  the  finite  set  2  not  indicated  by  (RS)  but  indicated  by  R  is  transformed  into  the  set  {d}  of 

45  character  strings  d  on  the  finite  set  A,  a  set  of  character  strings  on  the  finite  set  2  indicated  by  (RS)  is  transformed 
into  the  set  {de}  of  character  strings  on  the  finite  set  A,  and  other  sets  of  character  strings  on  the  finite  set  2  are 
transformed  into  the  empty  set  $  on  the  finite  set  A. 
(4)  In  a  fourth  definition,  in  cases  where  a  symbol  (R/d)  is  a  regular  transformation  from  character  strings  on  the 
finite  set  2  to  character  strings  on  the  finite  set  A,  a  symbol  ((R/d)*)  is  a  regular  transformation  equivalent  to  another 

so  regular  transformation  (—  ((e  +  d)  +  (R/d))  +  (R/d)(R/d))  +  —  ). 
(5)  In  a  fifth  definition,  other  sets  not  defined  by  one  of  the  first  to  fourth  definitions  are  not  the  regular  transformation. 
Also,  one  or  more  parentheses  in  the  sets  can  be  omitted  on  condition  that  the  sets  are  interpreted  without  any 
ambiguity. 

55  [0014]  Because  of  various  researches  performed  until  now,  a  Robinson  method  in  which  a  nondeterministic  Moore 
machine  for  performing  the  same  transformation  as  that  expressed  by  a  regular  transformation  when  the  regular  trans- 
formation  is  given  is  efficiently  constructed  by  performing  a  limited  number  of  calculations  proportional  to  a  length  of 
the  regular  transformation  and  a  subset  constructing  method  in  which  a  deterministic  Moore  machine  equivalent  to  a 

3 
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nondeterministic  Moore  machine  given  is  constructed  are  well-known.  Because  the  subset  constructing  method  closely 
relates  to  the  present  invention,  the  subset  constructing  method  is  described  as  an  example  of  the  prior  art. 
[0015]  The  equivalence  of  a  nondeterministic  Moore  machine  and  a  deterministic  Moore  machine  is  defined  as  that 
an  output  string  output  from  the  nondeterministic  Moore  machine  is  the  same  as  that  output  from  the  deterministic 

5  Moore  machine  when  an  arbitrary  input  string  is  input  to  the  machines.  In  this  case,  a  deterministic  Moore  machine 
DMO=  (Q',2,A',8',X',  q')  equivalent  to  a  nondeterministic  Moore  machine  NMO=  (Q,2,A,8,X,q)  given  can  be  constructed 
as  follows. 
[0016]  A  state  set  Q'  is  defined  as  a  set  including  all  of  subsets  of  a  set  Q  as  elements,  and  an  initial  state  q'  is  set 
to  {q}.  An  output  set  A'  is  defined  as  a  set  including  all  of  subsets  of  a  set  A  as  elements,  and  a  value  of  an  output 

10  function  X'({q1  ,—  ,qN})  is  defined  as  X(q1)  TJ—  TU  -̂(qN).  A  set  2  indicating  an  input  from  the  outside  in  the  deter- 
ministic  Moore  machine  is  used  in  common  with  the  nondeterministic  Moore  machine.  A  value  of  a  state-transition 
function  8'({q1  ,—  ,qN},  c)  for  arbitrary  elements  {q1  ,—  ,qN}  of  the  state  set  Q'  and  an  arbitrary  element  c  of  the  set  2  is 
defined  as  8(q1  ,c)  U-U  8(qN,c).  The  equivalence  of  the  nondeterministic  Moore  machine  and  the  deterministic  Moore 
machine  constructed  according  to  the  above  definitions  can  be  easily  proved  according  to  an  induction  as  to  a  length 

is  of  an  input  string  given  from  the  outside. 
[0017]  Next,  an  example  of  a  conventional  automatic  product  inspection  system  in  which  a  constructing  method  of 
the  deterministic  Moore  machine  described  above  is  used  is  described. 
[0018]  Fig.  1  is  a  block  diagram  indicating  a  configuration  of  a  conventional  automatic  product  inspection  system. 
[0019]  As  shown  in  Fig.  1,  a  conventional  automatic  product  inspection  system  11  comprises  a  first  sensor  12  for 

20  detecting  one  of  first  features  of  a  product  conveyed  on  a  conveyer  every  prescribed  time  and  outputting  a  value  "0" 
or  "1  "  every  prescribed  time,  a  second  sensor  1  3  for  detecting  one  of  second  features  of  the  product  every  prescribed 
time  and  outputting  a  value  "0"  or  "1"  every  prescribed  time,  a  deterministic  Moore  machine  constructing  unit  14  for 
producing  pieces  of  DMO  data  of  a  deterministic  Moore  machine  according  to  pieces  of  NMO  data  of  a  nondeterministic 
Moore  machine  input  from  an  external  equipment  (not  shown),  a  control  unit  15  composed  of  an  electronic  circuit  for 

25  producing  pieces  of  control  data  corresponding  to  a  final  state  of  the  deterministic  Moore  machine  which  is  determined 
according  to  the  DMO  data  produced  in  the  deterministic  Moore  machine  constructing  unit  14  and  the  values  time- 
sequentially  transferred  from  the  first  and  second  sensors  12,  1  3  as  a  finite  input  set,  and  a  sealing  robot  1  6  for  sealing 
the  product  in  cases  where  pieces  of  control  data  indicating  that  the  product  is  a  non-defective  product  are  produced 
in  the  control  unit  15. 

30  [0020]  In  the  above  configuration,  a  constructing  method  of  a  deterministic  Moore  machine  performed  in  the  deter- 
ministic  Moore  machine  constructing  unit  14  to  use  the  deterministic  Moore  machine  in  the  control  unit  15  for  the 
purpose  of  moving  the  sealing  robot  16  is  described.  Supposing  that  the  sealing  robot  16  is  moved  according  to  the 
control  data  produced  from  the  NMO  data  of  the  nondeterministic  Moore  machine,  a  state-transition  view  of  the  non- 
deterministic  Moore  machine  is  shown  in  Fig.  2.  In  Fig.  2,  So  denotes  an  initial  state  from  which  the  inspection  of  each 

35  of  the  products  is  started.  An  external  input  from  the  first  sensor  12  to  the  control  unit  15  is  indicated  by  a  symbol  A1 
corresponding  to  a  value  "1"  or  another  symbol  AO  corresponding  to  a  value  "0".  An  external  input  from  the  second 
sensor  1  3  to  the  control  unit  15  is  indicated  by  a  symbol  B1  corresponding  to  a  value  "1  "  or  another  symbol  B0  corre- 
sponding  to  a  value  "0".  An  input  a  to  the  nondeterministic  Moore  machine  is  indicated  by  the  combination  of  the 
external  inputs  such  as  A0B0,  A0B1  ,  A1  B0  or  A1  B1  .  In  cases  where  an  input  a  takes  a  state  of  the  nondeterministic 

40  Moore  machine  from  a  current  state  to  the  empty  set  (or  in  cases  where  any  transition  of  the  nondeterministic  Moore 
machine  from  a  current  state  for  an  input  is  not  defined),  a  current  product  is  judged  as  a  defective  product  in  the 
control  unit  15,  and  a  succeeding  product  is  inspected.  In  cases  where  a  series  of  inputs  takes  a  state  of  the  nonde- 
terministic  Moore  machine  from  the  initial  state  S0  to  a  final  state  S5  marked  by  double  circles,  a  current  product  is 
judged  as  a  non-defective  product  in  the  control  unit  15,  and  the  current  product  is  sealed  by  the  sealing  robot  16. 

45  [0021]  However,  because  the  nondeterministic  Moore  machine  is  directly  used,  an  input  takes  a  state  of  the  nonde- 
terministic  Moore  machine  from  a  current  state  to  a  plurality  of  states.  For  example,  an  input  A1  B0  takes  a  state  of  the 
nondeterministic  Moore  machine  from  the  initial  state  to  next  states  S1  and  S2.  Therefore,  the  control  unit  15  is  difficult 
to  be  composed  of  an  electronic  circuit  in  cases  where  the  control  unit  15  is  operated  according  to  the  state-transition 
of  the  nondeterministic  Moore  machine  shown  in  Fig.  2. 

so  [0022]  Fig.  3  is  a  state  table  showing  a  process  for  constructing  a  deterministic  Moore  machine  from  the  nondeter- 
ministic  Moore  machine  shown  in  Fig.  2  according  to  the  subset  constructing  method,  and  Fig.  4  is  a  state-transition 
view  of  the  deterministic  Moore  machine  constructed  according  to  the  process  shown  in  Fig.  3. 
[0023]  In  the  subset  constructing  method,  the  correspondence  between  a  plurality  of  nondeterministic  states  (or  a 
plurality  of  subsets  of  states)  and  a  deterministic  state  is  determined,  the  state-transition  of  the  nondeterministic  Moore 

55  machine  from  a  plurality  of  subsets  of  states  for  a  series  of  inputs  given  from  the  outside  is  examined,  and  a  state- 
transition  of  the  deterministic  Moore  machine  is  constructed.  For  example,  as  shown  in  Fig.  3,  an  input  A0B1  takes  a 
state  of  the  deterministic  Moore  machine  from  a  current  state  to  =  (S0)  to  a  next  state  t3  =  {S2},  an  input  A1  B0  takes 
a  state  of  the  deterministic  Moore  machine  from  a  current  state  to  =  {S0}  to  a  next  state  t2  =  {S-,^},  and  each  of  inputs 
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A1  B1  ,  A0B0  takes  a  state  of  the  deterministic  Moore  machine  from  a  current  state  to  =  {S0}  to  the  empty  state  t1  = 
[0024]  Therefore,  as  shown  in  Fig.  4,  because  the  state-transition  of  the  deterministic  Moore  machine  from  a  current 
state  to  a  next  state  is  defined  for  all  types  of  inputs,  the  control  unit  15  can  be  composed  of  an  electronic  circuit  in 
cases  where  the  control  unit  1  5  is  operated  according  to  the  state-transition  of  the  deterministic  Moore  machine  shown 

5  in  Fig.  4.  For  example,  the  control  unit  15  is  composed  of  a  programmable  circuit  device  such  as  a  programmable 
integrated  circuit,  a  field  programmable  gate  array  or  the  like  or  a  micro-computer.  Also,  a  software  for  automatically 
producing  a  program  required  to  operate  the  programmable  device  from  the  deterministic  Moore  machine  shown  in 
Fig.  4  is  prepared  in  most  of  the  programmable  devices,  and  a  design  of  the  control  circuit  is  broadly  performed  by 
utilizing  a  model  of  the  finite-state  machine  as  a  method  for  expressing  a  circuitry  of  the  control  circuit  at  higher  ab- 

10  straction  than  a  circuit  diagram  of  the  control  circuit. 
[0025]  The  finite-state  machine  can  be  broadly  applied  as  various  types  of  pattern-matching  machines  as  well  as 
the  various  control  systems.  In  detail,  a  plurality  of  elements  composing  a  piece  of  referential  pattern-matching  data 
are  given  to  a  pattern-matching  machine  in  order  as  a  series  of  inputs  given  from  the  outside.  The  referential  pattern- 
matching  data  denotes  a  piece  of  data  which  should  be  examined.  Thereafter,  a  series  of  symbols  or  numerals  des- 

15  ignating  the  detected  pattern  is  output  just  after  the  pattern-matching  data  agreeing  with  the  detected  pattern  is  input 
to  the  pattern-matching  machine.  That  is,  the  referential  pattern-matching  data  is  transformed  according  to  the  regular 
transformation,  a  nondeterministic  Moore  machine  is  constructed  according  to  the  referential  pattern-matching  data 
transformed,  a  deterministic  Moore  machine  is  constructed  according  to  the  nondeterministic  Moore  machine,  and  a 
pattern-matching  operation  is  performed  by  utilizing  the  deterministic  Moore  machine.  Though  the  pattern  matching 

20  operation  can  be  performed  by  utilizing  the  nondeterministic  Moore  machine,  in  cases  where  the  referential  pattern- 
matching  data  is  long,  in  other  words  in  cases  where  the  number  of  elements  composing  the  referential  pattern-match- 
ing  data  is  large,  the  pattern  matching  operation  utilizing  the  deterministic  Moore  machine  can  be  performed  at  a  shorter 
time. 
[0026]  In  general,  when  a  length  of  the  referential  pattern-matching  data  is  expressed  by  a  symbol  N  and  a  length 

25  of  the  regular  transformation  (or  a  length  of  a  character  string)  is  expressed  by  a  symbol  M,  a  processing  time  propor- 
tional  to  NM  is  required  in  case  of  the  pattern  matching  operation  utilizing  the  nondeterministic  Moore  machine.  In 
contrast,  a  processing  time  proportional  to  N  is  required  at  the  most  in  case  of  the  pattern  matching  operation  utilizing 
the  deterministic  Moore  machine.  However,  another  processing  time  proportional  to  2M  is  required  to  construct  the 
deterministic  Moore  machine  from  the  nondeterministic  Moore  machine.  Accordingly,  in  cases  where  the  referential 

30  pattern-matching  data  is  long  (or  N  is  large),  a  processing  time  required  for  the  pattern  matching  operation  utilizing  the 
deterministic  Moore  machine  can  be  shortened  as  compared  with  the  pattern  matching  operation  utilizing  the  nonde- 
terministic  Moore  machine. 
[0027]  An  example  of  a  conventional  pattern-matching  system  in  which  a  constructing  method  of  the  conventional 
pattern-matching  machine  described  above  is  used  is  described. 

35  [0028]  In  the  conventional  pattern-matching  machine,  a  plurality  of  referential  character  strings  desired  to  be  found 
out  can  be  simultaneously  collated  with  character  strings  of  a  stored  document  by  scanning  the  character  strings  of 
the  stored  document  once,  and  a  referential  pattern  indicated  by  a  referential  character  string  desired  to  be  found  out 
can  be  specified  according  to  the  regular  expression. 
[0029]  Fig.  5  is  a  block  diagram  of  a  conventional  pattern-matching  system  which  is  a  portion  of  a  conventional 

40  document  retrieving  system. 
[0030]  As  shown  in  Fig.  5,  a  conventional  pattern-matching  system  21  comprises  an  input  document  memory  22  for 
storing  character  strings  of  an  input  document  and  reading  out  characters  of  the  character  strings  one  by  one,  a  DMO 
constructing  unit  23  for  receiving  a  plurality  of  referential  character  strings  desired  to  be  found  out  and  pieces  of  NMO 
data  of  a  nondeterministic  Moore  machine  input  from  an  external  equipment  (not  shown)  and  producing  pieces  of  DMO 

45  data  from  the  NMO  data,  a  state  number  table  memory  24  composed  of  a  random  access  memory  for  storing  a  plurality 
of  state  numbers  respectively  indicating  a  partial  matching  condition  between  the  input  document  and  the  referential 
character  strings  in  a  two-dimensional  table  in  which  the  state  numbers  and  character  codes  of  the  input  document 
are  listed,  a  state  number  register  25  for  recording  a  state  number  output  from  the  state  number  table  memory  24,  and 
an  operation  number  table  memory  26  for  storing  a  plurality  of  operation  numbers  indicating  types  of  operations  other 

so  than  the  pattern  matching  operation  performed  in  pattern-matching  system  21  and  outputting  an  operation  number 
according  to  the  state  number  output  from  the  state  number  register  25. 
[0031]  In  the  state  number  table  memory  24,  a  state-transition  table  (for  example  shown  in  Fig.  3)  of  the  deterministic 
Moore  machine  calculated  to  satisfy  pattern  matching  conditions  represented  by  the  referential  character  strings.  The 
pattern  matching  conditions  are  specified  according  to  the  regular  transformation.  For  example,  a  referential  character 

55  string  abed  is  shown  in  Fig.  6.  In  Fig.  6,  [Aa]  denotes  all  characters  other  than  the  character  a,  a  symbol  "I"  in 
"x-IX"IX"IX"lx-"  denotes  a  logic  OR,  and  a  symbol  A  denotes  an  output.  Therefore,  in  cases  where  a  referential  char- 
acter  string  abed  and  pieces  of  NMO  data  are  input  to  the  DMO  constructing  unit  23,  character  strings  of  the  input 
document  abed,  [Aa]bcd,  a[Ab]cd,  ab[Ac]dan6  ab^^d]  satisfy  the  pattern  matching  conditions,  and  each  of  the  character 
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strings  is  successfully  pattern-matched  with  the  referential  character  string  abed  in  the  deterministic  Moore  machine 
constructed  to  fit  the  referential  character  string  abed  before  the  output  A  informing  of  the  pattern  matching  is  output. 
[0032]  In  the  above  configuration,  the  operation  of  the  conventional  pattern-matching  system  21  is  described. 
[0033]  Before  a  pattern  matching  operation  is  performed,  a  plurality  of  referential  character  strings  desired  to  be 

5  found  out  and  pieces  of  NMO  data  of  a  nondeterministic  Moore  machine  are  input  from  an  external  equipment  to  the 
DMO  constructing  unit  23.  The  NMO  data  indicates  a  state-transition  in  the  nondeterministic  Moore  machine  and  in- 
cludes  one  or  more  types  of  operations  to  be  performed  when  a  pattern  matching  is  successfully  achieved.  Thereafter, 
pieces  of  DMO  data  are  produced  from  the  NMO  data  and  are  stored  in  the  state  number  table  memory  24  and  the 
operation  number  table  memory  26. 

10  [0034]  Thereafter,  character  strings  of  an  input  document  are  stored  in  the  input  document  memory  22  after  the  input 
document  memory  22  is  initialized,  and  a  remarked  character  of  the  input  document  is  set  to  a  head  portion  of  the  input 
document.  Also,  the  state  number  register  25  is  initialized,  and  a  state  number  of  a  current  state  is  initially  set  to  zero. 
Also,  the  pattern  matching  conditions  are  stored  in  the  state  number  table  memory  24  and  the  operation  number  table 
memory  26. 

is  [0035]  Thereafter,  a  retrieving  address  is  determined  according  to  a  state  number  of  a  current  state  output  from  the 
state  number  register  25  and  a  character  number  of  a  remarked  character  of  the  input  document  output  from  the  input 
document  memory  22,  and  a  next  state  listed  at  the  retrieving  address  of  the  two-dimensional  table  is  determined  in 
the  state  number  table  memory  24.  Thereafter,  the  next  state  is  replaced  with  the  current  state  recorded  in  the  state 
number  register  25.  That  is,  the  next  state  is  regarded  as  a  current  state  newly  defined.  For  example,  character  numbers 

20  of  characters  of  the  input  document  range  from  0  to  65535,  state  numbers  in  the  state  number  table  memory  24  range 
from  0  to  8191,  and  addresses  of  the  two-dimensional  table  in  the  state  number  table  memory  24  are  sent  through 
twenty-nine  address  lines.  The  state  numbers  are  sent  through  lower  thirteen  address  lines,  and  the  character  numbers 
are  sent  through  upper  sixteen  address  lines. 
[0036]  Thereafter,  an  operation  number  stored  in  the  operation  number  table  memory  26  is  determined  according 

25  to  the  state  number  recorded  in  the  state  number  register  25,  and  an  additional  operation  indicated  by  the  operation 
number  is  performed.  For  example,  a  position  of  the  remarked  character  in  the  input  document  specified  in  the  input 
document  memory  22  is  recorded  as  an  additional  operation.  Thereafter,  the  remarked  character  is  replaced  with  a 
lower  character  of  the  input  document  adjacent  to  the  remarked  character.  Thereafter,  a  next  state  is  determined  in 
the  same  manner  according  to  a  current  state  and  a  character  number  of  a  remarked  character  newly  determined,  and 

30  an  additional  operation  corresponding  to  the  next  state  is  performed.  The  operation  for  determining  a  next  state  and 
an  additional  operation  corresponding  to  the  next  state  are  repeated  until  a  patter  matching  operation  is  stopped  ac- 
cording  to  the  additional  operation  or  a  final  character  of  the  input  document  is  scanned  as  a  remarked  character,  and 
the  pattern  matching  operation  of  the  input  document  is  finished. 
[0037]  An  example  of  the  NMO  data  and  the  DMO  data  is  shown  in  Figs.  7  to  11  . 

35  [0038]  Fig.  7  is  a  state-transition  table  of  the  nondeterministic  Moore  machine  constructed  to  satisfy  the  pattern 
matching  conditions  expressed  in  regular  expression  shown  in  Fig.  6  according  to  a  Robinson  method,  Fig.  8  is  a  state- 
transition  view  of  the  nondeterministic  Moore  machine  constructed  to  satisfy  the  pattern  matching  conditions  expressed 
in  the  regular  expression  shown  in  Fig.  6  according  to  the  Robinson  method,  Figs.  9(a),  9(b)  shows  a  process  for 
constructing  the  deterministic  Moore  machine  by  utilizing  the  nondeterministic  Moore  machine,  Fig.  1  0  is  a  state-tran- 

40  sition  table  of  the  deterministic  Moore  machine  constructed  according  to  the  process  shown  in  Figs.  9(a),  9(b),  and 
Fig.  11  is  a  state-transition  view  of  the  deterministic  Moore  machine  constructed  according  to  the  process  shown  in 
Figs.  9(a),  9(b). 
[0039]  In  Fig.  7,  the  state  numbers  1  to  17  of  the  states  t1  to  t17  are  listed  in  a  state  column,  an  output  having  a 
value  A  is  listed  in  an  output  column,  state  numbers  of  next  states  for  each  of  inputs  a,  b,  cand  d  are  listed  in  a  next 

45  state  column,  and  state  numbers  of  next  states  for  an  input  $  denoting  characters  other  than  a,  b,  c  and  d  are  listed  in 
the  next  state  column.  For  example,  as  shown  in  Figs.  7  and  8,  an  input  a  takes  a  state  of  the  nondeterministic  Moore 
machine  from  the  state  t1  to  next  states  t1,t3,t9,t12  and  t15,  an  input  Makes  a  state  of  the  nondeterministic  Moore 
machine  from  the  state  t1  to  next  states  t1  and  t6,  and  an  input  $  takes  a  state  of  the  nondeterministic  Moore  machine 
from  the  state  t1  to  next  states  t1  and  t6. 

so  [0040]  In  Figs.  9(a),  9(b),  "DMO_state(i):  {q1  ,q2,—,qm)"  denotes  that  the  i-th  state  of  the  deterministic  Moore  machine 
corresponds  to  a  set  having  states  q1  ,q2,—  ,qm  of  the  nondeterministic  Moore  machine  as  elements.  "DMO_goto  ({i}, 
"x")={p1  ,—  ,pn}  (j)"  denotes  that  the  input  xtakes  a  state  of  the  deterministic  Moore  machine  from  a  current  state  having 
a  state  number  i  to  a  next  state  having  a  state  number  j  which  corresponds  to  a  set  having  states  p1,—  ,pn  of  the 
nondeterministic  Moore  machine  as  elements. 

55  [0041]  In  Fig.  10,  the  state  numbers  1  to  18  of  the  states  t1  to  t18  are  listed  in  a  state  column,  an  output  having  a 
value  A  is  listed  in  an  output  column,  state  numbers  of  next  states  for  each  of  inputs  a,  b,  c  and  d  are  listed  in  a  next 
state  column,  and  state  numbers  of  next  states  for  an  input  $  denoting  characters  other  than  a,  b,  c  and  d  are  listed  in 
the  next  state  column,  The  number  of  transitions  is  summed  up  to  sixty-seven  in  cases  where  a  transition  between  the 
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same  states  is  counted  up. 
[0042]  As  is  described  above,  the  deterministic  Moore  machine  can  be  applied  for  various  fields  such  as  a  control 
system  and  a  pattern-matching  system,  and  an  output  can  be  responded  for  an  input  within  a  prescribed  processing 
time  regardless  of  the  complexity  of  the  deterministic  Moore  machine. 

5 
2.2.  PROBLEMS  TO  BE  SOLVED  BY  THE  INVENTION: 

[0043]  However,  there  is  a  first  drawback  that  it  takes  a  long  time  to  construct  the  finite-state  machine  according  to 
the  constructing  method  of  the  deterministic  Moore  machine.  Also,  there  is  a  second  drawback  that  a  size  of  the  finite- 

10  state  machine  (or  a  size  of  a  state-transition  table  in  an  actual  applied  system)  is  large.  Because  a  processing  time 
required  to  construct  a  large  sized  state-transition  table  is  larger  than  that  proportional  to  the  number  of  effective  ele- 
ments  included  in  the  state-transition  table,  the  first  drawback  relates  to  the  second  drawback. 
[0044]  In  contrast,  in  cases  where  the  nondeterministic  Moore  machine  is  used  to  obtain  an  output  responding  to  an 
input  without  constructing  any  deterministic  Moore  machine,  the  nondeterministic  Moore  machine  can  be  constructed 

is  at  a  short  processing  time,  and  a  size  of  the  nondeterministic  Moore  machine.  However,  in  cases  where  the  nondeter- 
ministic  Moore  machine  is  complicated,  there  is  a  drawback  that  the  nondeterministic  Moore  machine  cannot  be  op- 
erated  at  high  speed. 
[0045]  Also,  in  cases  where  the  nondeterministic  Moore  machine  often  passes  though  particular  state  and  transition, 
to  heighten  an  operational  speed  of  the  nondeterministic  Moore  machine,  it  is  effective  that  the  particular  state  and 

20  transition  of  the  nondeterministic  Moore  machine  are  transformed  into  state  and  transition  functioning  in  the  same 
manner  as  those  of  the  deterministic  Moore  machine.  However,  there  is  a  drawback  that  it  is  difficult  to  transform  the 
particular  state  and  transition  of  the  nondeterministic  Moore  machine. 
[0046]  An  object  of  the  present  invention  is  to  provide  a  transforming  method  of  a  finite-state  machine  with  failure 
transitions  in  which  a  state-transition  operation  is  efficiently  performed  at  a  high  speed.  Also,  an  object  is  to  provide 

25  an  automatic  product  inspection  system  in  which  a  product  is  inspected  by  utilizing  the  transforming  method  of  the 
finite-state  machine  with  failure  transitions. 
[0047]  According  to  one  aspect  of  the  invention,  there  is  provided  a  transforming  method  of  a  finite-state  machine 
with  failure  transitions,  comprising  the  steps  of: 

30  preparing  a  finite-state  machine  with  failure  transitions  in  which  the  number  of  states  <p,q>  is  finite,  an  external 
input  c  takes  the  finite-state  machine  with  failure  transitions  from  a  current  state  s  to  a  next  state  g(s,c)  and  an 
output  u.(s)  is  output  from  the  next  state  g(s,c)  in  cases  where  a  value  g(s,c)  of  a  success  function  g  is  defined, 
and  an  external  input  c  takes  the  finite-state  machine  with  failure  transitions  from  a  current  state  s  to  a  next  state 
g(h,c)  (where  h  =  f(f(—  f(s)—  )))  determined  by  repeating  a  process  that  a  value  f(s)  of  the  failure  function  f  is 

35  calculated  and  the  value  f(s)  is  rewritten  to  the  symbol  s  until  a  value  g(h,c)  of  the  success  function  g  is  defined  in 
cases  where  a  value  g(s,c)  of  the  success  function  g  is  not  defined; 
selecting  an  originally  remarked  state  <p,q>  of  the  finite-state  machine  with  failure  transitions  and  a  particular 
external  input  c,  a  state  set  q  being  a  set  of  states  in  a  nondeterministic  finite-state  machine,  and  a  set  p  being 
defined  as  a  subset  of  the  state  set  q  (step  S202); 

40  examining  whether  or  not  a  value  g(<p,q>,  c)  of  the  success  function  g  for  the  originally  remarked  state  <p,q>  and 
the  particular  external  input  c  is  defined  (step  S203); 
expressing  the  originally  remarked  state  <p,q>  by  a  symbol  P  denoting  a  remarked  state  in  cases  where  the  value 
g(<p,q>,  c)  of  the  success  function  g  is  not  defined  (step  S205); 
obtaining  a  value  h  =  f(f  (—  f(P)—  ))  by  repeating  a  process  that  a  value  f(P)  of  the  failure  function  f  for  the  remarked 

45  state  P  is  calculated  and  the  value  f(P)  is  rewritten  to  the  symbol  P  denoting  a  remarked  state  newly  defined  until 
a  value  g(h,c)  of  the  success  function  g  is  defined  in  the  finite-state  machine  with  failure  transitions  (step  S206); 
defining  the  value  g(<p,q>,  c)  of  the  success  function  g  as  g(h,c)  to  determine  a  next  state  g(<p,q>,  c)  =  g(h,c)  for 
the  originally  remarked  state  <p,q>  and  the  particular  external  input  c  (step  S207); 
storing  the  next  state  g(<p,q>,  c)  (step  S208); 

so  repeating  the  above  steps  of  selecting  an  originally  remarked  state,  examining  whether  or  not  a  value  g(<p,q>,  c) 
of  the  success  function  g,  expressing  the  originally  remarked  state,  obtaining  a  value  h  =  f(f(—  f(P)—  )),  defining 
the  value  g(<p,q>,  c)  and  storing  the  next  state  by  changing  the  particular  external  input  to  one  of  external  inputs 
until  the  next  state  g(<p,q>,  c)  for  the  originally  remarked  state  <p,q>  and  all  of  the  external  inputs  are  defined  and 
stored  (step  S209);  and 

55  canceling  the  definition  of  the  value  f(<p,q>)  of  the  failure  function  f  for  the  originally  remarked  state  <p,q>  (step 
S210). 

[0048]  Thereafter,  in  a  second  step,  a  value  f(P)  of  the  failure  function  f  is  calculated  to  determine  a  failed  next  state 
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denoting  a  next  state  in  the  particular  failure  transition.  In  cases  where  a  value  g(f(P),c)  of  the  success  function  g  is 
not  defined,  the  state  f(P)  is  expressed  by  the  symbol  P  denoting  a  remarked  state  newly  defined,  and  the  calculation 
of  the  value  f(P)  is  repeated  until  a  value  g(f(P),c)  of  the  success  function  g  is  defined.  In  other  words,  as  shown  in  Fig. 
1  9,  a  value  h  =  f  (f(—  f  (P)—  ))  is  calculated  by  repeating  the  calculation  of  the  failure  function  f  until  a  value  g(h,c)  of  the 

5  success  function  g  is  defined. 
[0049]  Thereafter,  in  a  third  step,  a  value  g(<p,q>,c)  of  the  success  function  g  is  defined  to  g(h,c)  to  determine  a  next 
state  g(<p,q>,c)  =  g(h,c)  for  the  originally  remarked  state  <p,q>  and  the  particular  external  input  c.  Thereafter,  the  next 
state  g(<p,q>,c)  is  stored.  In  the  same  manner,  values  g(<p,q>,x)  of  the  success  function  g  are  defined  as  next  states 
for  the  originally  remarked  state  <p,q>  and  arbitrary  external  inputs  x,  and  the  next  states  g(<p,q>,x)  are  stored. 

10  [0050]  Thereafter,  in  a  fourth  step,  the  definition  of  the  value  f(<p,q>)  of  the  failure  function  f  is  cancelled  to  delete 
the  particular  failure  transition  from  the  remarked  state  <p,q>. 
[0051]  Thereafter,  in  a  fifth  step  of  the  first  transforming  method,  the  procedure  of  the  first  transforming  method  is 
finished. 
[0052]  Accordingly,  because  a  plurality  of  failure  transitions  are  changed  to  a  success  transition,  a  state-transition 

is  operation  of  the  machine  FFM  transformed  according  to  the  transforming  method  can  be  efficiently  performed  at  a  high 
speed. 
[0053]  Also,  the  transforming  method  can  be  performed  even  though  the  machine  FFM  is  under  operation  on  con- 
dition  that  the  machine  FFM  is  not  placed  at  the  originally  remarked  state  <p,q>  during  the  operation  of  the  machine 
FFM. 

20  [0054]  It  is  preferred  that  the  step  of  selecting  an  originally  remarked  state  <p,q>  include  the  steps  of: 

judging  whether  or  not  a  storage  region  Sr  required  to  store  values  g(<p,q>,c)  of  the  success  function  g  defined 
in  the  finite-state  machine  with  failure  transitions  and  values  f(<p,q>)  of  the  failure  function  f  defined  in  the  finite- 
state  machine  with  failure  transitions  is  smaller  than  a  fixed  storage  region;  and 

25  preparing  the  originally  remarked  state  <p,q>  on  condition  that  the  storage  region  Sr  is  smaller  than  the  fixed 
storage  region,  and 
the  step  of  defining  a  value  g(<p,q>,c)  of  the  success  function  g  includes  the  steps  of: 
judging  whether  or  not  an  increased  storage  region  required  to  additionally  store  the  values  g(<p,q>,c)  of  the 
success  function  g  for  the  remarked  state  <p,q>  and  all  of  the  external  inputs  c  is  smaller  than  the  fixed  storage 

30  region;  and 
defining  the  values  g(<p,q>,c)  of  the  success  function  g  on  condition  that  the  increased  storage  region  is  equal  to 
or  smaller  than  the  fixed  storage  region. 

[0055]  In  the  above  steps,  it  is  judged  whether  or  not  a  storage  region  Sr  required  to  store  values  g(<p,q>,c)  of  the 
35  success  function  g  and  values  f(<p,q>)  of  the  failure  function  f  defined  in  the  finite-state  machine  with  failure  transitions 

FFM  is  smaller  than  a  fixed  storage  region.  In  cases  where  the  storage  region  Sr  is  smaller  than  the  fixed  storage 
region,  an  originally  remarked  state  <p,q>  of  the  machine  FFM  is  selected,  and  each  of  strings  of  failure  transitions  is 
changed  to  a  success  transition  for  each  of  external  inputs  on  condition  that  the  increased  storage  region  is  smaller 
than  the  fixed  storage  region. 

40  [0056]  Accordingly,  because  each  of  the  strings  of  failure  transitions  is  changed  to  a  success  transition  on  condition 
that  the  storage  region  Sr  occupied  by  the  values  g(<p,q>,c)  and  the  values  f(<p,q>)  defined  in  the  state-transition  of 
the  machine  FFM  is  smaller  than  the  fixed  storage  region,  the  machine  FFM  in  which  a  supreme  state-transition  op- 
eration  is  statistically  performed  can  be  constructed  according  to  the  transforming  method  within  the  fixed  storage 
region. 

45  [0057]  According  to  another  aspect  of  the  invention,  there  is  provided  an  automatic  product  inspection  system,  com- 
prising: 

detecting  means  (22;23)  for  detecting  a  plurality  of  types  of  features  of  a  product  at  one  time  every  prescribed  time 
and  time-sequentially  outputting  a  string  of  inspecting  values  Iv,  each  of  the  inspecting  values  Iv  indicating  particular 

so  types  of  features  of  the  product  detected  at  one  time;  and 
action  means  (26)  for  processing  the  product  according  to  the  string  of  inspecting  values  Iv  produced  in  the  de- 
tecting  means, 

characterized  in  thatXhe  automatic  product  inspection  system  further  comprises: 
55 

finite-state  machine  with  failure  transitions  transforming  means  (42)  for  transforming,  according  to  a  transforming 
method,  a  finite-state  machine  with  failure  transitions  in  which  the  number  of  states  <p,q>  is  finite,  an  external 
input  c  takes  the  finite-state  machine  with  failure  transitions  from  a  current  state  s  to  a  next  state  g(s,c)  and  an 
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output  u.(s)  is  output  from  the  next  state  g(s,c)  in  cases  where  a  value  g(s,c)  of  a  success  function  g  is  defined, 
and  an  external  input  c  takes  the  finite-state  machine  with  failure  transitions  from  a  current  state  s  to  a  next  state 
g(h,c)  (where  h  =  f(f(—  f(s)—  )))  determined  by  repeating  a  process  that  a  value  f(s)  of  the  failure  function  f  is 
calculated  and  the  value  f(s)  is  rewritten  to  the  symbol  s  until  a  value  g(h,c)  of  the  success  function  g  is  defined  in 

5  cases  where  a  value  g(s,c)  of  the  success  function  g  is  not  defined,  the  transforming  method  comprising  the  steps  of 
selecting  an  originally  remarked  state  <p,q>  of  the  finite-state  machine  with  failure  transitions  and  a  particular 
external  input  c,  a  state  set  q  being  a  set  of  states  in  a  nondeterministic  finite-state  machine,  and  a  set  p  being 
defined  as  a  subset  of  the  state  set  q, 
examining  whether  or  not  a  value  g(<p,q>,  c)  of  the  success  function  g  for  the  originally  remarked  state  <p,q>  and 

10  the  particular  external  input  c  is  defined, 
expressing  the  originally  remarked  state  <p,q>  by  a  symbol  P  denoting  a  remarked  state  in  cases  where  the  value 
g(<p,q>,  c)  of  the  success  function  g  is  not  defined, 
obtaining  a  value  h  =  f(f  (—  f(P)—  ))  by  repeating  a  process  that  a  value  f(P)  of  the  failure  function  f  for  the  remarked 
state  P  is  calculated  and  the  value  f(P)  is  rewritten  to  the  symbol  P  denoting  a  remarked  state  newly  defined  until 

is  a  value  g(h,c)  of  the  success  function  g  is  defined  in  the  finite-state  machine  with  failure  transitions, 
defining  the  value  g(<p,q>,  c)  of  the  success  function  g  as  g(h,c)  to  determine  a  next  state  g(<p,q>,  c)  =  g(h,c)  for 
the  originally  remarked  state  <p,q>  and  the  particular  external  input  c, 
storing  the  next  state  g(<p,q>,  c), 
repeating  the  above  steps  of  selecting  an  originally  remarked  state,  examining  whether  or  not  a  value  g(<p,q>,  c) 

20  of  the  success  function  g,  expressing  the  originally  remarked  state,  obtaining  a  value  h  =  f(f(—  f(P)—  )),  defining 
the  value  g(<p,q>,  c)  and  storing  the  next  state  by  changing  the  particular  external  input  to  one  of  external  inputs 
until  the  next  state  g(<p,q>,  c)  for  the  originally  remarked  state  <p,q>  and  all  of  the  external  inputs  are  defined  and 
stored,  and 
canceling  the  definition  of  the  value  f(<p,q>)  of  the  failure  function  f  for  the  originally  remarked  state  <p,q>;  and 

25  control  means  (43)  for  performing  state-transitions  of  the  finite-state  machine  with  failure  transitions  transformed 
by  the  finite-state  machine  with  failure  transitions  transforming  means  by  utilizing  the  string  of  inspecting  values 
Iv  produced  by  the  detecting  means,  each  of  the  inspecting  values  Iv  taking  the  finite-state  machine  with  failure 
transitions  from  a  current  state  s  to  a  next  state  g(s,lv)  and  an  output  u.(s)  being  output  from  the  next  state  g(s,lv) 
in  cases  where  a  value  g(s,lv)  of  the  success  function  g  is  defined,  each  of  the  inspecting  values  Iv  taking  the 

30  finite-state  machine  with  failure  transitions  from  a  current  state  s  to  a  next  state  f(s)  determined  by  a  value  f(s)  of 
the  failure  function  f  in  cases  where  the  value  g(s,lv)  of  the  success  function  g  is  not  defined,  and  the  product  being 
processed  by  the  action  means  according  to  the  output  u.(s). 

[0058]  In  the  above  configuration,  the  finite-state  machine  with  failure  transitions  is  transformed  in  the  finite-state 
35  machine  with  failure  transitions  transforming  means  according  to  the  transforming  method  in  the  same  manner  as 

described  above.  Thereafter,  state-transitions  of  the  finite-state  machine  with  failure  transitions  is  performed  in  the 
control  means  by  utilizing  the  string  of  inspecting  values  Iv  produced  in  the  detecting  means,  and  the  product  is  proc- 
essed  by  the  action  means  according  to  the  outputs  u.(s)  produced  in  the  control  means. 
[0059]  Accordingly,  because  state-transitions  relating  to  the  failure  function  f  are  changed  to  a  state-transition  relating 

40  to  the  success  function  g,  supreme  state-transitions  can  be  statistically  performed  in  the  finite-state  machine  with  failure 
transitions  transformed  according  to  the  transforming  method. 
[0060]  The  objects,  features  and  advantages  of  the  present  invention  will  be  apparent  from  the  following  description 
taken  in  conjunction  with  the  accompanying  drawings,  in  which: 

45  Fig.  1  is  a  block  diagram  indicating  a  configuration  of  a  conventional  automatic  product  inspection  system; 
Fig.  2  is  a  state-transition  view  of  the  nondeterministic  Moore  machine; 
Fig.  3  is  a  state  table  showing  a  process  for  constructing  a  deterministic  Moore  machine  from  the  nondeterministic 
Moore  machine  shown  in  Fig.  2  according  to  the  subset  constructing  method; 
Fig.  4  is  a  state-transition  view  of  the  deterministic  Moore  machine  constructed  according  to  the  process  shown 

50  in  Fig.  3; 
Fig.  5  is  a  block  diagram  of  a  conventional  pattern-matching  system  which  is  a  portion  of  a  conventional  document 
researching  system; 
Fig.  6  shows  a  pattern  matching  condition  of  a  referential  character  string  abed  collated  with  character  strings  of 
the  input  document; 

55  Fig.  7  is  a  state-transition  table  of  the  nondeterministic  Moore  machine  constructed  to  satisfy  the  pattern  matching 
conditions  expressed  in  regular  expression  shown  in  Fig.  6  according  to  a  Robinson  method; 
Fig.  8  is  a  state-transition  view  of  the  nondeterministic  Moore  machine  constructed  to  satisfy  the  pattern  matching 
conditions  expressed  in  the  regular  expression  shown  in  Fig.  6  according  to  the  Robinson  method; 
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Figs.  9(a),  9(b)  show  a  process  for  constructing  the  deterministic  Moore  machine  by  utilizing  the  nondeterministic 
Moore  machine; 
Fig.  1  0  is  a  state-transition  table  of  the  deterministic  Moore  machine  constructed  according  to  the  process  shown 
in  Fig.  9; 

5  Fig.  11  is  a  state-transition  view  of  the  deterministic  Moore  machine  constructed  according  to  the  process  shown 
in  Fig.  9; 
Figs.  12A  and  12B  are  respectively  a  state-transition  view  showing  state-transitions  in  the  Moore  machine  with 
failure  transitions  FMO  to  explain  a  first  transforming  method. 
Fig.  1  3A  is  a  block  diagram  of  a  constructing  method  performing  apparatus  for  constructing  a  finite-state  machine 

10  with  failure  transitions  FFM  represented  by  the  Moore  machine  with  failure  transitions  FMO  according  to  a  first 
constructing  method; 
Fig.  1  3B  is  a  flow  chart  of  the  first  constructing  method  performed  in  the  constructing  method  performing  apparatus 
shown  in  Fig.  13A; 
Fig.  1  3C  is  a  constitutional  block  diagram  of  an  automatic  product  inspection  system  according  to  the  first  embod- 

15  iment,  the  first  constructing  method  shown  in  Fig.  13B  being  utilized  to  construct  the  Moore  machine  with  failure 
transitions  FMO; 
Fig.  14  is  a  state-transition  view  of  a  nondeterministic  Moore  machine  NMO  utilized  to  construct  the  machine  FMO 
according  to  the  first  constructing  method  shown  in  Fig.  13B; 
Fig.  1  5  shows  a  procedure  for  constructing  a  Moore  machine  with  failure  transitions  FMO  from  the  NMO  machine 

20  shown  in  Fig.  14  by  applying  the  first  constructing  method; 
Fig.  16  is  a  state-transition  view  of  the  machine  FMO  constructed  according  to  the  first  constructing  method  of 
which  the  procedure  is  shown  in  Fig.  15; 
Fig.  17A  is  a  block  diagram  of  a  transforming  method  performing  apparatus  in  which  a  finite-state  machine  with 
failure  transitions  FFM  represented  by  the  Moore  machine  with  failure  transitions  constructed  according  to  the  first 

25  constructing  method  shown  in  Fig.  1  3B  is  transformed  according  to  a  first  transforming  method; 
Fig.  1  7B  is  a  flow  chart  of  the  first  constructing  method  performed  in  the  transforming  method  performing  apparatus 
shown  in  Fig.  17A; 
Fig.  18  is  a  block  diagram  of  a  transforming  method  performing  means  of  the  transforming  method  performing 
apparatus  shown  in  Fig.  17A; 

30  Fig.  19  shows  a  string  of  failure  transitions  changed  to  a  success  transition  according  to  the  first  transforming 
method  shown  in  Fig.  17B; 
Fig.  20  is  a  constitutional  block  diagram  of  an  automatic  product  inspection  system  according  to  a  second  embod- 
iment,  a  Moore  machine  with  failure  transitions  FMO  constructed  according  to  the  first  constructing  method  shown 
in  Fig.  1  3B  being  transformed  according  to  the  first  transforming  method  shown  in  Fig.  1  7B  in  the  automatic  product 

35  inspection  system; 
Fig.  21  shows  a  first-stage  transformed  machine  FMO  obtained  by  transforming  the  machine  FMO  shown  in  Fig. 
16  according  to  the  first  transforming  method  shown  in  Fig.  17B; 
Fig.  22  shows  a  second-stage  transformed  machine  FMO  obtained  by  transforming  the  first-stage  transformed 
machine  FMO  shown  in  Fig.  21  according  to  the  first  transforming  method  shown  in  Fig.  17B; 

40  Fig.  23  is  a  third-stage  transformed  machine  FMO  obtained  by  transforming  the  second-stage  transformed  machine 
FMO  shown  in  Fig.  22  according  to  the  first  transforming  method  shown  in  Fig.  17B; 
Fig.  24A  is  a  block  diagram  of  a  modified  transforming  method  performing  apparatus  in  which  a  machine  FFM 
represented  by  the  machine  FMO  constructed  according  to  the  first  constructing  method  is  transformed  according 
to  a  modified  transforming  method; 

45  Fig.  24B  is  a  flow  chart  of  the  modified  transforming  method  performed  in  the  modified  transforming  method  per- 
forming  apparatus  shown  in  Fig.  24A; 
Fig.  25  is  a  constitutional  block  diagram  of  an  automatic  product  inspection  system  according  to  a  modification  of 
the  second  embodiment,  the  Moore  machine  with  failure  transitions  FMO  constructed  according  to  the  first  con- 
structing  method  shown  in  Fig.  1  3B  being  transformed  according  to  the  modified  transforming  method  described 

so  in  Fig.  24  in  the  automatic  product  inspection  system; 
Fig.  26A  is  a  block  diagram  of  a  constructing  method  performing  apparatus  for  constructing  a  pattern  maching 
machine  according  to  a  third  constructing  method; 
Fig.  26B  is  a  flow  chart  of  the  third  constructing  method  performed  in  the  constructing  method  performing  apparatus 
shown  in  Fig.  26A; 

55  Fig.  27  is  a  block  diagram  of  a  document  retrieving  apparatus  provided  in  a  pattern  matching  apparatus,  in  which 
the  third  constructing  method  shown  in  Fig.  26B  is  utilized,  according  to  a  third  embodiment; 
Figs.  28(a),  28(b)  shows  a  soft  program  utilized  to  perform  the  third  constructing  method  shown  in  Fig.  26B; 
Fig.  29  shows  a  procedure  for  constructing  a  pattern  maching  machine  from  the  NMO  machine  shown  in  Fig.  14 
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by  applying  the  third  constructing  method; 
Fig.  30  shows  a  pattern  matching  machine  constructed  according  to  the  third  constructing  method,  the  pattern 
matching  machine  being  constructed  in  a  pattern  matching  machine  constructing  unit  shown  in  Fig.  27; 
Fig.  31  shows  N  strings  of  referential  characters  (N  ranges  from  1  to  11)  for  a  duplicated  character  case  and  a 

5  non-duplicated  character  case,  the  strings  indicating  extended  pattern  matching  conditions  specified  by  a  regular 
transformation; 
Fig.  32  shows  the  comparison  of  the  number  of  state-transitions  for  one  state  of  the  pattern  matching  machine 
FMO  shown  in  Fig.  30  and  the  number  of  state-transitions  for  one  state  of  the  machine  DMO  shown  in  Fig.  4,  on 
the  basis  of  the  pattern  matching  conditions  shown  in  Fig.  31  ; 

10  Fig.  33A  is  a  block  diagram  of  a  transforming  method  performing  apparatus  in  which  a  pattern  matching  machine 
constructed  according  to  the  third  constructing  method  is  transformed  according  to  the  first  transforming  method; 
Fig.  33B  is  a  flow  chart  of  the  first  transforming  method  performed  in  the  transforming  method  performing  apparatus 
shown  in  Fig.  33A. 
Fig.  34  is  a  block  diagram  of  a  transforming  method  performing  means  of  the  transforming  method  performing 

is  apparatus  shown  in  Fig.  33A; 
Fig.  35  is  a  block  diagram  of  a  document  retrieving  apparatus  provided  in  a  pattern  matching  apparatus,  in  which 
the  first  transforming  method  shown  in  Fig.  33B  for  transforming  the  pattern  matching  machine  constructed  ac- 
cording  to  the  third  constructing  method  is  utilized,  according  to  a  fourth  embodiment; 
Fig.  36  shows  a  first-stage  transformed  pattern  matching  machine  FMO  obtained  by  transforming  the  pattern 

20  matching  machine  FMO  shown  in  Fig.  30  according  to  the  first  transforming  method  shown  in  Fig.  33B; 
Fig.  37A  is  a  block  diagram  of  a  transforming  method  performing  apparatus  in  which  a  pattern  matching  machine 
constructed  according  to  the  third  constructing  method  is  transformed  according  to  a  modified  transforming  method; 
and 
Fig.  37B  is  a  flow  chart  of  the  modified  transforming  method  performed  in  the  transforming  method  performing 

25  apparatus  shown  in  Fig.  37A; 
Fig.  38  is  a  constitutional  block  diagram  of  a  document  retrieving  apparatus  according  to  a  modification  of  the 
fourth  embodiment,  the  pattern  matching  apparatus  constructed  according  to  the  third  constructing  method  being 
transformed  according  to  the  modified  transforming  method  shown  in  Fig.  37B. 

30  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

[0061]  Preferred  embodiments  of  a  constructing  method  of  a  finite-state  machine,  a  constructing  method  of  a  pattern- 
matching  machine,  a  transforming  method  of  the  finite-state  machine  and  a  transforming  method  of  the  pattern-match- 
ing  machine  according  to  the  present  invention  are  described  with  reference  to  drawings. 

35  [0062]  Before  describing  preferred  embodiments,  a  mathematical  preparation  is  described  to  smoothly  realize  the 
present  invention. 
[0063]  First,  a  finite-state  machine  with  failure  transitions,  a  constructing  method  of  the  finite-state  machine  with 
failure  transitions  and  a  rightfulness  of  the  constructing  method  are  described. 
[0064]  A  finite-state  machine  with  failure  transitions  (abbreviated  to  FFM)  utilized  in  the  present  invention  is  defined 

40  as  a  general  term  of  a  Moore  machine  with  failure  transitions  (abbreviated  to  FMO)  and  a  Mealy  machine  with  failure 
transitions  (abbreviated  to  FME).  The  Moore  machine  with  failure  transitions  FMO  =  (S,2,A,g,f,u.,s)  consists  of  a  finite 
set  S  of  states,  a  finite  input  set  2  expressed  by  symbolizing  an  input  from  the  outside,  a  finite  output  set  A  expressed 
by  symbolizing  an  output  to  the  outside,  a  success  function  g  defined  as  a  partial  function  from  a  set  S  X  2  to  the  finite 
set  S,  a  failure  function  f  defined  as  a  partial  function  from  the  finite  set  S  to  the  finite  set  S,  an  output  function  u.  of  the 

45  Moore  machine  with  failure  transitions  defined  as  a  total  function  from  the  finite  set  S  to  subsets  of  the  finite  output  set 
A,  and  an  initial  state  s  equivalent  to  a  particular  element  s  of  the  finite  state  S. 
[0065]  The  Mealy  machine  with  failure  transitions  FME  =  (S,2,A,g,f,X,s)  consists  of  the  finite  set  S  of  states,  the  finite 
input  set  2,  the  finite  output  set  A,  the  success  function  g,  the  failure  function  f,  an  output  function  X  of  the  Mealy 
machine  with  failure  transitions  defined  as  a  total  function  from  the  set  S  X  2  to  subsets  of  the  finite  output  set  A,  and 

so  the  initial  state  s. 
[0066]  The  difference  between  a  group  of  machines  FMO  and  FME  and  another  group  of  a  conventional  deterministic 
Moore  machine  (DMO)  and  a  conventional  deterministic  Mealy  machine  (DME)  is  a  method  of  state  transitions.  In 
detail,  a  state  transition  in  the  conventional  machines  DMO  and  DME  is  performed  at  one  step  by  utilizing  the  state- 
transition  function  8(q,c)  which  is  a  total  function  and  determines  a  next  state  according  to  a  current  state  q  and  a 

55  current  input  c.  In  contrast,  a  state  transition  in  the  machines  FMO  and  FME  is  performed  by  utilizing  the  success 
function  g(q,c)  which  is  a  partial  function  and  determines  a  next  state  according  to  a  current  state  q  and  one  of  limited 
current  inputs  c  in  cases  where  the  success  function  g(q,c)  is  defined  in  advance  and  by  utilizing  the  failure  function  f 
(q)  to  specify  one  or  more  other  states  for  the  purpose  of  using  state-transition  information  of  the  other  states  in  cases 
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where  the  success  function  g(q,c)  is  not  defined  in  advance. 
[0067]  In  cases  where  a  success  function  g(q,c)  is  defined  for  a  current  state  q  £  S  and  a  current  input  c  G  2,  a  next 
state  is  set  to  g(q,c)  so  that  a  state  transition  is  completed  (a  first  state-transition  operation).  In  this  case,  a  value  of 
the  output  function  u.(q)  is  output  in  the  Moore  machine  FMO,  and  a  value  of  the  output  function  X(q,c)  is  output  in  the 

5  Mealy  machine  FME. 
[0068]  In  cases  where  a  success  function  g(q,c)  is  not  defined  for  a  current  state  q£  S  and  a  current  input  c  G  2, 
the  current  state  q  is  replaced  with  a  value  of  the  failure  function  f(q)  (a  second  state-transition  operation),  and  whether 
or  not  a  success  function  g(f(q),c)  is  defined  is  judged  to  perform  the  first  or  second  operation. 
[0069]  Because  the  success  and  failure  functions  are  partial  functions  and  because  a  range  of  a  value  of  the  failure 

10  function  is  not  limited,  there  is  a  case  that  any  final  state  is  not  defined  even  though  one  or  more  first  state-transition 
operations  are  performed  in  general  machines  FMO  and  FME.  Also,  there  is  another  case  that  the  second  state- 
transition  operation  is  repeated  infinite  times  in  general  machines  FMO  and  FME. 
[0070]  In  cases  where  the  first  and  second  state-transition  operations  are  repeated  finite  times  for  a  series  of  arbitrary 
inputs  of  the  finite  set  2  in  the  Moore  machine  FMO  and  are  finally  completed  because  a  final  state  is  determined,  the 

is  Moore  machine  FMO  is  called  a  well-formed  Moore  machine  FMO.  Similarly,  in  cases  where  the  first  and  second  state- 
transition  operations  are  repeated  finite  times  for  a  series  of  arbitrary  inputs  of  the  finite  set  2  in  the  Mealy  machine 
FME  and  are  finally  completed  because  a  final  state  is  determined,  the  Mealy  machine  FME  is  called  a  well-formed 
Mealy  machine  FME. 
[0071]  Also,  in  cases  where  the  Moore  machine  FMO  and  the  nondeterministic  Moore  machine  NMO  output  the 

20  same  series  of  outputs  for  the  same  series  of  arbitrary  inputs,  it  is  defined  that  the  Moore  machine  FMO  is  equivalent 
to  the  Moore  machine  NMO.  Similarly,  in  cases  where  the  Mealy  machine  FME  and  the  nondeterministic  Mealy  machine 
NME  output  the  same  series  of  outputs  for  the  same  series  of  arbitrary  inputs,  it  is  defined  that  the  Mealy  machine 
FME  is  equivalent  to  the  Mealy  machine  NME.  In  this  case,  the  inputs  and  outputs  in  the  machine  FMO  (or  the  machine 
FME)  is  convertible  into  those  in  the  machine  NMO  (or  the  machine  NME). 

25  [0072]  A  basic  constructing  method  of  a  well-formed  Moore  machine  FMO  which  is  equivalent  to  the  machine  NMO 
is  described  as  follows.  In  this  case,  the  machines  NMO  and  FMO  are  indicated  by  NMO  =  (Q,2,A,8,X,q0)  and  FMO  = 
(S,2,A,g,f,u.,s0).  Also,  the  finite  set  S  is  defined  as  a  subset  of  {<p,q>lq  cQ,pcq,   and  (p  *  §  or  p  =  q)}.  That  is,  because 
a  size  of  a  set  of  states  in  each  of  machines  FMO  depends  on  a  machine  NMO,  a  set  of  states  <p,q>  is  utilized  as  a 
maximum  sized  set  of  states  to  include  the  set  of  states  in  each  of  machines  FMO  in  the  set  of  states  <p,q>.  Therefore, 

30  the  finite  set  S  of  a  machine  FMO  is  necessarily  included  in  the  set  of  states  <p,q>.  In  this  case,  the  set  q  has  the 
states  of  the  machine  NMO  as  members,  and  the  set  p  is  a  subset  of  the  set  q. 
[0073]  The  reason  that  two  state  sets  p  and  q  are  utilized  to  define  the  states  of  the  machine  FMO  is  described.  For 
example,  the  transitions  from  an  element  of  a  state  to  a  plurality  of  elements  (t1  ,t2,t3,t4)  of  the  state  set  q  are  simul- 
taneously  performed.  Therefore,  in  the  machine  DMO  constructed  according  to  the  subset  constructing  method,  the 

35  state  set  q={t1  ,t2,t3,t4}  is  treated  as  a  state.  In  contrast,  in  the  FMO  machine,  one  or  more  elements  {t1  ,t2}  of  the  state 
set  p  are  selected  from  the  state  set  q  as  a  remarked  state,  one  or  more  external  inputs  c  which  specify  the  non-empty 
set  of  states  8(p,c)  defined  in  the  NMO  machine  are  selected  to  define  state  transitions  from  the  state  p  for  the  external 
inputs  c  as  success  transitions,  and  other  external  inputs  c'  which  do  not  specify  any  non-empty  set  of  states  8(p,c) 
defined  in  the  NMO  machine  are  selected  to  define  state  transitions  from  the  state  p  for  the  external  inputs  c'  as  failure 

40  transitions.  Because  the  state  set  p  is  a  subset  of  the  state  set  q,  a  size  of  the  FMO  machine  is  smaller  than  that  of 
the  machine  DMO. 
[0074]  A  first  constructing  method  of  the  Moore  machine  FMO  representing  the  machines  FMO  and  FME  is  described 
in  detail.  (Step  1) 
[0075]  A  finite  set  S  is  set  to  an  empty  set,  and  an  initial  state  s0  is  set  to  s0  =  <{qo),{qo}>-  The  state  q0  denotes  an 

45  initial  state  of  the  machine  NMO.  Also,  the  initial  set  s0  is  added  to  the  finite  set  S  as  an  element  having  an  unprocessed 
tag,  and  an  output  at  the  initial  state  s0  is  set  to  u.(s0)  ={̂ (qo)}-  Also,  a  state  in  which  the  set  q  is  the  empty  set 
is  added  to  the  finite  set  S  as  an  element  having  a  processed  tag,  values  g(<c|>,(|»,c)  of  the  success  function  g  for  the 
state  <c|>,(|»  and  a  plurality  of  arbitrary  inputs  c  are  set  to  the  same  value  (g(<c|>,(|»,  c)  =  <(|>,(|»),  and  an  output 
value  at  the  state  is  set  to  u,(<(|>,(|»)  =  Therefore,  an  initial  condition  for  constructing  the  Moore  machine  FMO 

so  is  set. 

(Step  2) 

[0076]  Thereafter,  a  substantial  constructing  process  is  started.  That  is,  one  of  the  states  <p,q>  having  an  unproc- 
55  essed  tag  is  selected  as  a  selected  state  <p,q>  from  elements  of  the  finite  set  S  and  is  changed  to  a  selected  state 

<p,q>  having  a  processed  tag.  In  cases  where  any  state  <p,q>  having  an  unprocessed  tag  is  not  found  out,  the  pro- 
cedure  of  the  first  constructing  method  is  finished. 

12 



EP  0  917  029  A2 

(Step  3) 

[0077]  On  condition  that  each  of  inputs  c  (c  £  I)  satisfies  an  equation  (1),  a  plurality  of  values  g(<p,q)>,c)  of  the 
success  function  g  for  the  selected  state  <p,q>  and  the  inputs  c  are  defined  according  to  an  equation  (2). 

5 

U   6 ( t , c )   *  0  ( 1 )  
t e p  

10 
g(<p,q)>,c)  =  <x,y>  (2) 

Here,  a  second  component  y  of  states  <x,y>  is  defined  as  a  set  according  to  an  equation  (3),  and  a  first  component  x 
of  the  states  <x,y>  is  defined  as  an  arbitrary  subset  of  the  set  y  and  is  not  the  empty  set. 

15 

y  E  U   5 ( t . c )   ( 3 )  
t e q  

20  Because  the  equation  (1  )  is  satisfied  for  the  inputs  c,  state  transitions  from  the  states  p  for  the  inputs  c  are  defined  in 
the  machine  NMO.  Therefore,  state  transitions  from  the  states  <p,q>  for  the  inputs  c  are  defined  in  the  machine  FMO 
according  to  the  equation  (2).  In  other  words,  values  g(<p,q)>,c)  of  the  success  function  g  are  defined. 
[0078]  In  cases  where  one  or  more  states  <x,y>  are  not  elements  of  the  finite  set  S,  the  states  <x,y>  are  added  to 
the  finite  set  S  as  elements  respectively  having  an  unprocessed  tag,  and  a  plurality  of  output  values  u,  at  the  states  <x, 

25  y>  are  set  according  to  an  equation  (4). 

M ( < x , y > )   =  U   U ( t ) }   - - -   ( 4 )  
t e y  

30 

(Step  4) 

[0079]  Thereafter,  in  cases  where  one  or  more  inputs  c(cEE)  satisfying  an  equation  (5)  exist,  a  value  of  the  failure 
35  function  f  at  the  selected  state  <p,q>  is  defined  according  to  an  equation  (6). 

U  5 ( t , c )   =  0  ( 5 )  
t e p  

40 

f(<p,q>)  =  <z,q-p>  (6) 

Here,  a  set  z  of  states  is  arbitrarily  selected  from  subsets  of  a  difference  set  q-p  on  condition  that  a  subset  not  equal 
45  to  the  empty  set  is  selected  as  the  set  z  in  case  of  the  difference  set  q-p  *  Because  the  equation  (5)  is  satisfied  for 

the  inputs  c,  state  transitions  from  a  state  p  for  the  inputs  c  are  not  defined  in  the  machine  NMO.  Therefore,  state 
transitions  from  the  selected  state  <p,q>  for  the  inputs  care  not  defined  in  the  machine  FMO  and  are  treated  as  failure 
transitions.  In  other  words,  values  g(<p,q)>,c)  of  the  success  function  g  are  not  defined.  In  cases  where  an  input  c 
satisfying  the  equation  (5)  is  input  to  the  machine  FMO,  the  selected  state  <p,q>  is  indicated  by  a  symbol  P,  and  a 

50  value  h=f(f(—  f(P)—  )))  is  calculated  by  repeating  a  process  that  a  value  f(P)  of  the  failure  function  f  is  calculated  and 
the  value  f(P)  is  rewritten  to  the  symbol  P  newly  defined  until  a  value  g(h,c)  of  the  success  function  g  is  defined. 
Thereafter,  the  input  c  takes  the  machine  FMO  from  the  selected  state  <p,q>  to  a  state  g(h,c). 
[0080]  Thereafter,  in  cases  where  one  or  more  states  <z,q-p>  are  not  an  element  of  the  finite  set  S,  the  states  <z, 
q-p>  are  added  to  the  finite  set  S  as  elements  respectively  having  an  unprocessed  tag,  and  output  values  of  at  the 

55  states  <z,q-p>  are  set  according  to  an  equation  (7). 
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a ( < Z . q - p > )   =  U  U ( t )   }  - - -   ( 7 )  
t  e  q - p  

5  (Step  5) 

[0081]  Thereafter,  a  procedure  for  constructing  the  Moore  machine  FMO  returns  to  the  step  2,  and  the  procedure 
from  the  step  2  to  the  step  4  is  repeated  in  the  same  manner  to  determine  values  of  the  success  function  g,  values  of 
the  failure  function  f  and  values  of  the  output  function  u.  for  other  states  <p,q>  selected  in  the  step  2  until  it  is  judged 

10  in  the  step  2  that  all  of  the  states  of  the  finite  set  S  respectively  have  a  processed  tag.  Accordingly,  the  Moore  machine 
FMO  can  be  constructed. 
[0082]  The  rightfulness  of  the  first  constructing  method  is  confirmed  by  proving  two  propositions. 

1  .  A  first  proposition 
15 

[0083]  The  well-formed  machine  FMO  is  constructed  by  the  first  constructing  method. 

2.  A  second  proposition 

20  [0084]  The  well-formed  machine  FMO  constructed  by  the  first  constructing  method  is  equivalent  to  a  machine  FMO. 
[0085]  The  first  proposition  is  will  proved  as  follows. 
[0086]  A  well-formed  condition  that  an  state-transition  operation  from  an  arbitrary  state  <p,q>  of  the  machine  FMO 
constructed  by  the  first  constructing  method  is  completed  in  finite  steps  is  proved  according  to  a  mathematical  induction 
relating  to  the  number  Iql  of  elements  (or  states)  of  the  set  q. 

25 
(1  )  The  states  of  the  machine  FMO  are  limited  to  <c|>,(|»  in  case  of  lql=0.  In  this  case,  the  state-transition  operation 
is  finished  in  one  step  of  the  step  2  for  an  arbitrary  input.  Therefore,  the  first  proposition  is  proved  in  case  of  lql=0. 
(2)  Supposing  that  the  first  proposition  is  proved  for  all  of  states  of  the  machine  FMO  in  case  of  Iql  <  m  (0  <  m),  a 
state-transition  operation  from  an  arbitrary  state  <p,q>  for  a  input  c  in  case  of  Iql  =  m  +  1  is  performed  according 

30  to  either  a  step  A  or  a  step  B. 

Step  A:  A  value  g(<p,q>,c)  of  the  success  function  g  is  defined  in  the  step  3.  Therefore,  the  state-transition 
operation  is  finished  in  one  step  of  the  step  3. 
Step  B:  The  state-transition  operation  results  in  another  state-transition  operation  from  a  state  <z,q-p>  equal 

35  to  a  value  of  the  failure  function  f  defined  in  the  step  4. 

[0087]  In  case  of  the  step  A,  the  well-formed  condition  is  apparently  proved. 
[0088]  In  case  of  the  step  B,  there  are  two  cases  p=q  and  p^q.  In  case  of  p=q,  f(<p,q>)  =<c|>,(|»  is  obtained.  Therefore, 
the  state-transition  operation  results  in  another  state-transition  operation  in  case  of  lql=0,  so  that  the  well-formed  con- 

40  dition  is  proved.  In  case  of  p^q,  because  of  p  c  q,  Iq-pl  <  Iql  =  m+1  is  satisfied.  That  is,  Iq-pl  <  m  is  satisfied.  Therefore, 
a  state-transition  operation  from  a  state  f(<p,q>)  is  finished  in  finite  steps  because  of  the  supposition  of  the  mathematical 
induction,  and  the  well-formed  condition  is  proved. 
[0089]  As  a  result,  the  well-formed  condition  for  the  arbitrary  state  <p,q>  in  case  of  Iql  =  m+1  are  proved. 
[0090]  Accordingly,  the  number  of  states  is  finite,  and  the  first  proposition  is  proved. 

45  [0091]  Next,  the  second  proposition  will  be  proved  by  utilizing  a  supplementary  proposition. 

3.  A  supplementary  proposition 

[0092]  A  set  qx  is  set  as  a  set  of  states  of  the  machine  NMO  set  in  an  initial  condition  q0  to  which  a  series  of  inputs 
so  x  (or  a  character  string  x)  are  input,  and  a  state  sx  is  set  as  a  state  of  the  machine  FMO  set  in  an  initial  condition  s0  to 

which  the  series  of  inputs  x  are  input.  Also,  the  machine  FMO  is  constructed  from  the  machine  NMO  according  to  the 
first  constructing  method,  and  a  function  Q  is  defined  according  to  an  equation  (8). 

55  Q(<p,q>)  =  q  (8) 

[0093]  In  this  case,  an  equation  (9)  is  satisfied  for  the  series  of  inputs  x. 
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qx  =  Q(SX)  (9) 

[0094]  The  supplementary  proposition  can  be  easily  proved  according  to  a  mathematical  induction  relating  to  a  length 
Ixl  of  the  series  of  inputs  x.  Therefore,  the  second  proposition  is  proved  as  follows  by  utilizing  the  supplementary 
proposition. 
[0095]  In  detail,  in  cases  where  a  series  of  arbitrary  inputs  x(or  an  arbitrary  character  string  x)  is  input  to  the  machines 
NO  and  FMO  which  are  respectively  in  an  initial  state,  a  series  of  outputs  Xx  obtained  in  the  machine  NMO  is  calculated 
in  the  steps  3  and  4  by  utilizing  the  supplementary  proposition  and  is  formulated  according  to  an  equation  (10),  and  a 
series  of  outputs  u.x  obtained  in  the  machine  FMO  is  calculated  in  the  steps  3  and  4  by  utilizing  the  supplementary 
proposition  and  is  formulated  according  to  an  equation  (11). 

A*  =  u   u ( t ) >   ( 1 0 )  
t  e   q>< 

Ux  =  f i ( S x )  

=  U   U ( t ) }  
t  e Q ( S x )  

=  U   U ( t ) }   _ _ _  
t e S ,  

[0096]  Therefore,  the  series  of  outputs  Xx  obtained  in  the  machine  NMO  is  the  same  as  the  series  of  outputs  u.x 
obtained  in  the  machine  FMO,  so  that  the  second  proposition  is  proved. 
[0097]  Next,  the  specialization  of  the  constructing  methof  of  the  finite-state  machine  with  failure  transitions  FFM  for 
a  pattern  matching  is  described. 
[0098]  In  this  pattern  matching  performed  in  the  machine  FMO,  strings  of  characters  in  an  input  document  are 
scanned  character  by  character  from  its  head  portion,  each  if  the  strings  of  characters  scanned  is  simultaneously 
collated  with  N  strings  of  referential  characters  Rj  (j  =  1,—  ,N)  expressed  according  to  the  regular  expression,  and  a 
string  of  outputs  Dj  (j  =  1  ,—  ,N)  is  output  in  cases  where  a  string  of  characters  in  the  input  document  agrees  with  one 
of  the  N  strings  of  referential  characters  Rj.  To  construct  a  machine  FMO  from  which  the  string  of  outputs  Dj  (j  =  1 
N)  is  output  in  cases  where  the  pattern  matching  is  successfully  finished,  a  machine  NMO  satisfying  an  equation  (12) 
is  initially  constructed  according  to  a  well-known  constructing  method  of  the  machine  NMO  such  as  a  Robinson  con- 
structing  method. 

(Z*/e)((R1/D1)l(R2/D2)l-l(RN/DN))  (12) 

Here,  the  symbol  2*  denotes  a  finite  set  of  arbitrary  strings  of  characters  in  the  input  document,  and  the  symbol  e 
denotes  a  string  of  characters  having  a  zero  length.  Also,  the  outputs  Dj  are  elements  of  an  output  character  set  A  of 
the  machine  FMO. 
[0099]  Thereafter,  the  first  constructing  method  is  applied  for  the  machine  NMO  constructed  to  construct  the  machine 
FMO. 
[0100]  Because  a  loop  in  which  a  state  of  the  machine  NMO  is  returned  from  a  starting  state  to  the  same  starting 
state  after  an  arbitrary  time  passes  is  formed  in  the  machine  NMO,  a  set  of  states  q  in  the  machine  NMO  is  divided 
into  a  plurality  of  subsets  Pj  (j  =  1  ,—  ,N)  by  dividing  the  set  q  each  time  a  state  of  the  machine  NMO  leaves  a  starting 
state  s0,  and  a  constructing  method  of  a  finite-state  machine  with  failure  transitions  FFM  utilized  for  a  pattern  matching 
is  obtained  by  modifying  the  first  constructing  method. 
[0101]  A  second  constructing  method  of  the  finite-state  machine  with  failure  transitions  FFM  specialized  for  a  pattern 
matching  is  described  in  detail.  In  this  case,  the  machine  NMO  is  indicated  by  NMO  =  (Q,Z,A,8,X,q0),  and  the  machine 
FMO  representing  the  machine  FFM  is  indicated  by  FMO  =  (S,Z,A,g,f,u.,s0).  Also,  on  condition  that  a  plurality  of  subsets 
Pj  (j  =  1  ,—  ,N)  of  the  set  q  are  not  respectively  the  empty  set,  a  subset  of  a  set  which  is  formed  of  a  string  <p-,,—  ,pN> 
of  the  subsets  Pj  (j  =  1  ,—  ,N)  is  set  to  a  set  S. 
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(A  step  1  ) 

[0102]  A  state  <{q0}>  is  selected  from  the  set  q  as  an  initial  state  s0  of  the  machine  FMO  to  be  constructed.  The  state 
q0  denote  an  initial  state  in  the  machine  NMO.  Thereafter,  the  state  <{q0}>  is  entered  to  the  set  S  and  a  cue.  Also,  a 

5  value  of  an  output  u.(s0)  at  the  initial  state  s0  is  set  to  {̂ (q0)}. 

(A  step  2) 

[0103]  In  cases  where  the  cue  is  empty,  a  procedure  of  the  second  constructing  method  is  finished.  In  contrast,  in 
10  cases  where  the  cue  is  not  empty,  an  element  P  =  <p1,—  ,pN>  placed  in  a  head  portion  of  the  cue  is  taken  out  from 

the  cue  as  a  current  state. 

(A  step  3) 

is  [0104]  Values  of  a  success  function  g  are  defined  for  all  of  characters  c  (c  G  Z)  satisfying  an  equation  (13).  Each  of 
the  characters  c  corresponds  to  an  input. 

XJ  5  (  t  ,  c  )  *  <p  ( 1 3 )  
20  t  e  p n  

[0105]  In  detail,  N+1  sets  x-,,x2,—  ,xN,xN+1  are  defined  according  to  equations  (14),  (15). 

25  X1=Pl  <14) 

X ! - !   =  (XJ  S ( t . C ) )   -  (XJ  Xx)  ( 1 5 )  

30  t E P i   k < i  

(Here,  1<  i  <  N) 
Thereafter,  no-empty  sets  are  selected  from  the  sets  x1,x2,~-  ,xN,xN+1,  and  sets  y1;—  ,ym  are  formed  by  arranging  the 
no-empty  sets  in  ascending  order  of  subscripts  1,2,-,  N+1.  Thereafter,  an  element  Y  =  <y1,—  ,ym>  of  a  string  <y-|,—  , 
ym>  is  set  to  a  value  of  a  success  function  g(P,c)  to  define  the  element  Y  as  a  next  state  of  the  machine  FMO.  In  cases 
where  the  state  Y  is  not  included  in  the  set  S,  the  state  Y  is  added  to  the  set  S  as  an  element  of  the  set  S,  and  the 
state  Y  is  entered  in  the  cue.  Thereafter,  an  output  at  the  state  Y  is  obtained  according  to  an  equation  (16). 

ô  w(Y)  =  XJ  U ( t ) }   ___  ( 1 6 )  
m 

t e   U   y j  
j - 1  

45 
(A  step  4) 

[0106]  In  cases  where  characters  c  (c  G  2)  satisfying  an  equation  (17)  exist,  a  value  of  a  failure  function  f  is  defined 
according  to  an  equation  (18). 

50 

U   M t . c )   =  <p 
t e p N  

- - -   (171 

55 

f(P)  =  <PrP2>—  >Pn-1> (18) 
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(A  step  5) 

[0107]  The  procedure  returns  to  the  step  2,  and  the  steps  2  to  4  are  repeated  until  it  is  judged  in  the  step  that  the 
cue  is  empty. 

5  [0108]  Therefore,  the  Moore  machine  with  failure  transitions  FMO  specialized  for  a  pattern  matching  is  constructed 
according  to  the  second  constructing  method.  Also,  the  finite-state  machine  with  failure  transitions  FFM  specialized 
for  a  pattern  matching  is  constructed  in  the  same  manner. 
[0109]  In  the  second  constructing  method,  the  next  state  Y  is  selected  from  a  string  of  the  elements  y1  ,—  ,ym,  and 
values  of  m-1  elements  selected  from  y1  ,—  ,ym  other  than  ayj  equal  toxN+1  are  determined  by  the  subsets  p1  ,  —  .Pn-i 

10  Therefore,  in  cases  where  a  current  state  R  =  <p-|,—  ,Pn-i>  's  an  element  of  the  set  S  and  in  cases  where  a  next  state 
for  the  current  state  R  and  the  character  c  is  represented  by  W,  the  state  P  can  be  written  by  <R,P>,  and  the  state  Y 
can  be  written  by  <W,y>.  By  utilizing  this  relationship  among  R,P,Y  and  W,  a  third  constructing  method  of  the  finite- 
state  machine  with  failure  transitions  FFM  specialized  for  a  pattern  matching  is  obtained.  The  third  constructing  method 
is  equivalent  to  the  second  constructing  method,  and  the  machine  FFM  can  be  efficiently  constructed  by  the  third 

is  constructing  method. 
[0110]  The  third  constructing  method  is  described  in  detail.  In  this  case,  the  machine  NMO  is  indicated  by  NMO  = 
(Q,2,A,8,X,q0).  and  the  machine  FMO  representing  the  machine  FFM  is  indicated  by  FMO  =  (S,2,A,g,f,u.,s0).  Also,  by 
utilizing  a  no-empty  subset  p  of  the  set  Q  and  an  element  r  of  the  set  S,  a  subset  of  a  set  formed  of  all  ordered  pairs 
P  and  r  represented  by  R  =  <p,r>  is  set  to  the  set  S.  Also,  a  function  for  obtaining  a  first  component  p  of  R  =  <p,r>  is 

20  indicated  by  p(R),  and  a  function  for  obtaining  a  second  component  r  of  R  =  <p,r>  is  indicated  by  r(R).  That  is,  p(R)  = 
p  and  r(R)  =  r  are  defined. 

(A  step  1  ) 

25  [0111]  A  state  <{q0},  s0>  is  selected  as  an  initial  state  s0  of  the  machine  FMO  to  be  constructed,  and  the  state  <{q0}, 
s0>  is  entered  to  the  set  S  and  a  cue.  Also,  a  value  of  an  output  u.(s0)  at  the  initial  state  s0  is  set  to  {̂ (q0)}. 

(A  step  2) 

30  [0112]  In  cases  where  the  cue  is  empty,  a  procedure  of  the  third  constructing  method  is  finished.  In  contrast,  incases 
where  the  cue  is  not  empty,  an  element  R  =  <p,r>  placed  in  a  head  portion  of  the  cue  is  taken  out  from  the  cue  as  a 
current  state. 

(A  step  3) 
35 

[0113]  A  success  function  g  is  defined  for  all  of  characters  c  (c  £  2)  satisfying  an  equation  (19).  Each  of  the  characters 
c  corresponds  to  an  input. 

40  U S ( t , c ) * 0   ( 1 9 )  
t e p ( E )  

Also,  a  symbol  x  is  defined  according  to  equations  (20),  (21). 

45 
x  =  R  (in  case  of  R  =  s0)  (20) 

x  =  g(r(r(-r(R)-)),c)  (in  case  of  R  *  s0)  (21) 
50 

Here,  the  calculation  of  the  function  r(-)  in  the  equation  (21)  is  repeated  one  or  more  times  until  the  success  function 
g(v,c)  (v  is  a  value  of  the  function  r(-))  is  defined  for  the  first  time.  Thereafter,  a  symbol  y  is  defined  according  to  an 
equation  (22). 

55 
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y  =  (Tjr  5 ( t , c ) )   -  ( p ( x ) U p ( r ( x ) U -   •  - U p ( r ( r (   •■  - r ( x )   ■ • • ) ) ) )   ) 
t e p ( R )   - - -   ( 2 2 )  

5 
[0114]  In  cases  where  y  is  not  the  empty  set,  a  state  Y  =  <y,x>  is  set  to  a  value  g(R,c)  of  the  success  function  g.  In 
cases  where  y  is  the  empty  set,  a  state  Y  =  x  is  set  to  a  value  g(R,c)  of  the  success  function  g.  Also,  in  cases  where 
the  state  Y  is  not  included  in  the  set  S,  the  state  Y  is  added  to  the  set  S  as  an  element  of  the  set  S,  and  the  state  Y  is 
entered  to  the  cue.  An  output  at  the  state  Y  is  set  according  to  an  equation  (23). 

10 

M(Y)  =  U   {X(  t  )  }  ( 2 3 )  
t  e U 5   (  Z  .  c  ) 

z e p ( R )  
15 

(A  step  4) 

[0115]  In  cases  where  characters  c(cEE)  satisfying  an  equation  (24A)  exist  (in  other  words,  characters  c (cEZ)  
20  not  satisfying  the  equation  (1  9)  exist),  a  failure  function  f  is  defined  according  to  an  equation  (24B). 

TJ  S ( t . c )   =  <P  - - -   ( 2 4 A )  
t e p ( R )  

25 

f(Y)  =  r(R)  (24B) 

(A  step  5) 
30 

[0116]  The  procedure  returns  to  the  step  2,  and  the  steps  2  to  4  are  repeated. 
[0117]  Therefore,  the  Moore  machine  with  failure  transitions  FMO  specialized  for  a  pattern  matching  is  constructed 
according  to  the  third  constructing  method.  Also,  the  finite-state  machine  with  failure  transitions  FFM  specialized  for  a 
pattern  matching  is  constructed  in  the  same  manner. 

35  [0118]  Next,  a  first  transforming  method  of  the  finite-state  machine  with  failure  transitions  FFM  constructed  according 
to  the  first  constructing  method  is  described. 
[0119]  The  machine  FMO  constructed  according  to  the  first  constructing  method  represents  the  machine  FFM  con- 
structed  according  to  the  first  constructing  method  and  is  indicated  by  FMO  =  (S,Z,A,g,f,u.,s0).  The  set  S  is  defined  as 
a  subset  of  {<p,q>lq  c  Q,  p  c  q,  and  (p   ̂ cp  or  p  =  q)}.  The  object  of  the  first  transforming  method  is  that  a  next  state 

40  transferred  from  a  particular  state  P  =  <p,q>  of  the  machine  FMO  by  an  external  input  is  necessarily  defined  by  the 
success  function  g(<p,q>,c)  in  the  machine  FMO  constructed  according  to  the  first  transforming  method. 

(A  step  1  ) 

45  [0120]  In  cases  where  a  value  g(<p,q>,c)  of  the  success  function  g  of  the  machine  FMO  for  an  originally  designated 
state  <p,q>  and  an  external  input  c  is  defined,  a  procedure  of  the  first  transforming  method  for  defining  a  next  state  g 
(<p,q>,c)  is  finished.  In  contrast,  as  shown  in  Fig.  12A,  in  cases  where  the  value  g(<p,q>,c)  of  the  success  function  g 
of  the  machine  FMO  is  not  defined,  the  originally  designated  state  <p,q>  is  expressed  by  a  symbol  P  denoting  a 
designated  state,  and  the  procedure  proceeds  to  a  step  2  (P  <-  <p,q>). 

50 
(A  step  2) 

[0121]  In  place  of  the  designated  state  P,  a  state  f(P)  is  selected  as  a  designated  state  P  newly  defined  (P  <-  f(P)). 

55  (A  step  3) 

[0122]  In  cases  where  a  value  g(P,c)  of  the  success  function  g  for  the  designated  state  P  newly  defined  in  the  step 
2  and  the  external  input  c  is  not  defined,  the  procedure  returns  to  the  step  2  to  obtain  a  designated  state  P  =  f(f(—f(P) 
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•••))  newly  defined.  In  contrast,  in  cases  where  the  value  g(P,c)  of  the  success  function  g  is  defined,  the  procedure 
proceeds  to  a  step  4. 

(A  step  4) 
5 

[0123]  As  shown  in  Fig.  12B,  the  value  g(<p,q>,c)  of  the  success  function  g  for  the  originally  designated  state  <p,q> 
and  the  external  input  cis  additionally  defined  as  g(P,c).  This  is,  g(<p,q>,c)  =  g(P,c)  is  additionally  defined. 

(A  step  5) 
10 

[01  24]  In  cases  where  values  g(<p,q>,x)  of  the  success  function  g  for  all  of  arbitrary  external  inputs  x  and  the  originally 
designated  state  <p,q>  is  defined  in  the  step  4,  the  definition  of  the  failure  function  f(<p,q>)  is  cancelled. 

(A  step  6) 
15 

[0125]  The  procedure  of  the  first  transforming  method  for  defining  the  originally  designated  state  g(<p,q>,c)  is  fin- 
ished. 
[0126]  Therefore,  the  Moore  machine  with  failure  transitions  FMO  constructed  according  to  the  first  constructing 
method  is  transformed  according  to  the  first  transforming  method  to  perform  the  transition  from  a  designated  state  to 

20  a  next  state  indicated  by  a  value  of  the  success  function  g  for  an  external  input  in  one  step  operation. 
[0127]  The  transforming  operation  according  to  the  first  transforming  method  is  performed  locally  in  the  the  machine 
FMO,  and  the  transformation  is  not  performed  all  over  the  machine  FMO.  Therefore,  the  transformation  of  the  machine 
FMO  can  be  performed  at  a  high  speed.  In  addition,  even  though  the  machine  FMO  is  under  operation,  the  transfor- 
mation  of  the  machine  FMO  can  be  performed  at  any  time  on  condition  that  the  transition  to  be  newly  defined  is  not 

25  just  performed.  Therefore,  a  portion  of  the  machine  FMO  to  be  transformed  can  be  dynamically  transformed  during 
the  operation  of  the  machine  FMO,  and  the  machine  FMO  fitted  to  a  series  of  external  inputs  (or  a  type  of  character 
string)  can  be  appropriately  constructed. 
[0128]  Also,  the  finite-state  machine  with  failure  transitions  FFM  constructed  according  to  the  first  constructing  meth- 
od  is  transformed  in  the  same  manner. 

30  [0129]  Also,  the  Moore  machine  with  failure  transitions  FMO  specialized  for  a  pattern  matching  which  is  constructed 
according  to  the  third  constructing  method  can  be  transformed  according  to  the  first  transforming  method  to  perform 
the  transition  from  a  designated  state  to  a  next  state  indicated  by  a  value  of  the  success  function  g  for  a  designated 
character  in  one  step  operation. 
[0130]  Next,  a  first  embodiment  of  an  automatic  product  inspection  system  in  which  the  first  constructing  method  of 

35  the  Moore  machine  with  failure  transitions  FMO  is  applied  is  described. 
[0131]  Initially,  the  first  constructing  method  applied  to  construct  an  automatic  product  inspection  system  is  described 
with  reference  to  Fig.  13A. 
[0132]  Fig.  13A  is  a  block  diagram  of  a  constructing  method  performing  apparatus  for  constructing  a  finite-state 
machine  with  failure  transitions  FFM  represented  by  the  Moore  machine  with  failure  transitions  FMO  according  to  the 

40  first  constructing  method.  Fig.  1  3B  is  a  flow  chart  of  the  first  constructing  method  performed  in  the  constructing  method 
performing  apparatus  shown  in  Fig.  13A; 
[0133]  As  shown  in  Fig.  13A,  in  cases  where  a  finite-state  machine  with  failure  transitions  FFM  is  constructed  in  a 
constructing  method  performing  apparatus  31  according  to  the  first  constructing  method,  by  utilizing  both  a  set  q  of 
states  included  in  a  nondeterministic  finite-state  machine  and  a  subset  p  of  the  set  q,  a  combination  <p,q>  of  the  sets 

45  p  and  q  is  regarded  as  states  of  a  deterministic  finite-state  machine  (S101  shown  in  Fig.  13B).  Thereafter,  an  initial 
construction  of  the  finite-state  machine  FFM  is  performed  in  a  first  step.  In  detail,  by  utilizing  an  initial  state  qg  of  the 
nondeterministic  finite-state  machine,  an  initial  state  s0  of  the  deterministic  finite-state  machine  is  set  to  a  state  <{q0}, 
{q0}>  in  an  initial  condition  producing  unit  32  (S102  shown  in  Fig.  13B),  and  the  initial  state  s0  =  <{q0},{q0}>  is  stored 
in  an  element  adding  and  storing  unit  33  to  add  the  initial  state  s0  to  a  state  set  of  the  deterministic  finite-state  machine 

so  as  an  element  having  an  unprocessed  tag  (S103  shown  in  Fig.  13B).  Thereafter,  in  the  initial  condition  producing  unit 
32,  an  output  u.(s0)  of  the  deterministic  finite-state  machine  at  the  initial  state  s0  is  set  to  be  a  set  {̂ (q0)}  having  an 
output  of  the  nondeterministic  finite-state  machine  at  the  initial  state  q0  (S1  04  shown  in  Fig.  1  3B),  and  the  output  u.(s0) 
is  stored  in  an  output  function  value  calculating  and  storing  unit  34  (S105  shown  in  Fig.  13B).  Also,  a  state  <c|>,(|»  of 
the  deterministic  finite-state  machine  obtained  in  case  of  q  =  cp  is  produced  in  the  initial  condition  producing  unit  32 

55  (S106  shown  in  Fig.  1  3B)  and  is  stored  in  the  element  adding  and  storing  unit  33  to  add  the  state  <cf>  ,  cf>>  to  the  state 
set  of  the  deterministic  finite-state  machine  as  an  element  having  a  processed  tag  (S1  07  shown  in  Fig.  1  3B).  Thereafter, 
a  value  jLx(<cp,cp>)  of  an  output  function  u.  of  the  deterministic  finite-state  machine  at  the  state  <cf>  ,  cf>  >  is  set  to  be  the  empty 
set  0  (S1  08  shown  in  Fig.  1  3B)  and  is  stored  in  the  output  function  value  calculating  and  storing  unit  34  (S1  09  shown 
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in  Fig.  13B).  In  addition,  values  g(<cp,cp>;c)  of  a  success  function  g  for  arbitrary  external  inputs  c  are  set  in  the  initial 
condition  producing  unit  32  to  be  the  state  <cp  ,  cf>  >  (S110  shown  in  Fig.  13B)  and  are  stored  in  a  success  function  value 
calculating  and  storing  unit  35  (S111  shown  in  Fig.  13B). 
[0134]  In  a  second  step  of  the  method  for  constructing  the  finite-state  machine  FFM,  it  is  checked  whether  or  not  an 

5  element  having  an  unprocessed  tag  exists  in  the  state  set  of  the  deterministic  finite-state  machine  placed  in  the  element 
adding  and  storing  unit  33  (S112  shown  in  Fig.  13B).  In  cases  where  an  element  having  an  unprocessed  tag  does  not 
exist  in  the  state  set  of  the  deterministic  finite-state  machine,  no  existence  of  an  element  having  an  unprocessed  tag 
is  detected  in  an  unprocessed  element  selecting  unit  36,  and  the  construction  of  the  finite-state  machine  FFM  is  finished 
(S11  3  shown  in  Fig.  13B).  In  contrast,  in  cases  where  one  or  more  elements  <p,q>  respectively  having  an  unprocessed 

10  tag  exist  in  the  set  of  states  of  the  deterministic  finite-state  machine,  one  of  the  elements  <p,q>  respectively  having 
an  unprocessed  tag  is  selected  from  the  set  of  states  of  the  deterministic  finite-state  machine  as  a  selected  element 
<p,q>  according  to  a  certain  calculation  by  the  action  of  the  unprocessed  element  selecting  unit  36  (S114  shown  in 
Fig.  13B),  and  the  selected  element  <p,q>  having  an  unprocessed  tag  stored  in  the  element  adding  and  storing  unit 
33  are  changed  to  a  selected  element  <p,q>  having  a  processed  tag  (S115  shown  in  Fig.  13B). 

is  [0135]  In  a  third  step  of  the  method  for  constructing  the  finite-state  machine  FFM,  one  or  more  values  g(<p,q>,c)  of 
the  success  function  g  are  set  to  one  or  more  states  <x,y>  of  the  deterministic  finite-state  machine  for  each  of  external 
inputs  c  which  specifies  a  next  state  8(t,c)  defined  in  the  nondeterministic  finite-state  machine  according  to  one  of 
element  t  of  a  state  set  p  of  the  nondeterministic  finite-state  machine  corresponding  to  a  first  component  of  the  selected 
state  <p,q>  (S116  shown  in  Fig.  13B),  and  the  values  g(<p,q>,c)  =  <x,y>  are  stored  in  the  success  function  value 

20  calculating  and  storing  unit  35  (S117  shown  in  Fig.  13B).  In  this  case,  a  union  TJ8(t,c)  of  the  next  states  8(t,c)  of  the 
nondeterministic  finite-state  machine  for  the  external  inputs  c  and  the  elements  t  of  the  set  p  is  selected  as  values  of 
a  set  y  (S1  1  8  shown  in  Fig.  1  3B),  and  the  values  of  the  set  y  or  a  no-empty  subset  of  the  set  y  are  selected  as  a  value 
of  a  set  x  (S1  1  9  shown  in  Fig.  1  3B).  Thereafter,  in  cases  where  one  or  more  states  <x,y>  are  not  stored  in  the  element 
adding  and  storing  unit  33,  the  states  <x,y>  are  stored  in  the  element  adding  and  storing  unit  33  to  add  the  states  <x, 

25  y>  to  the  state  set  of  the  deterministic  finite-state  machine  as  elements  respectively  having  an  unprocessed  tag  (S120 
shown  in  Fig.  1  3B).  Also,  in  cases  where  output  values  w  =  u.(<x,y>)  of  the  output  function  u.  of  the  deterministic  finite- 
state  machine  at  the  states  <x,y>  are  not  defined,  a  union  XJ{X(t)}  of  outputs  of  the  nondeterministic  finite-state 
machine  for  elements  t  of  the  set  y  is  calculated  as  the  output  values  w  (S1  21  shown  in  Fig.  1  3B)  and  is  stored  in  the 
output  function  value  calculating  and  storing  unit  34  (S1  22  shown  in  Fig.  1  3B). 

30  [0136]  In  a  fourth  step  of  the  method  for  constructing  the  finite-state  machine  FFM,  in  cases  where  each  of  external 
inputs  d  does  not  specify  any  of  next  states  g(<p,q>,d)  defined  in  the  nondeterministic  finite-state  machine  for  any  of 
elements  of  the  state  set  p  of  the  selected  element  <p,q>,  values  f(<p,q>)  of  a  failure  function  f  not  depending  on  any 
of  the  external  inputs  d  are  calculated  to  be  states  <z,q-p>  obtained  by  combining  a  difference  set  q-p  defined  by 
removing  elements  of  the  subset  p  from  elements  of  the  set  q  and  an  arbitrary  subset  z  of  the  difference  set  q-p  (S1  23 

35  shown  in  Fig.  1  3B),  and  the  values  f(<p,q>)  are  stored  in  a  calculated  failure  function  value  storing  unit  37  (S1  24  shown 
in  Fig.  1  3B).  Also,  in  cases  where  output  values  w  =  u.(<z,q-p>)  of  the  output  function  u.  of  the  deterministic  finite-state 
machine  at  the  states  <z,q-p>  are  not  defined,  a  union  TJ{ (̂t)}  of  outputs  of  the  nondeterministic  finite-state 
machine  for  elements  t  of  the  difference  set  q-p  is  calculated  as  the  values  w  (S125  shown  in  Fig.  13B)  and  is  stored 
in  the  output  function  value  calculating  and  storing  unit  34  (S126  shown  in  Fig.  13B). 

40  [0137]  In  a  fifth  step  of  the  method  for  constructing  the  finite-state  machine  FFM,  the  procedure  for  constructing  the 
finite-state  machine  FFM  returns  to  the  second  step,  and  the  procedure  from  the  second  step  to  the  fourth  step  is 
repeated  until  no  existence  of  an  element  having  an  unprocessed  tag  is  detected  in  the  unprocessed  element  selecting 
unit  36  in  the  second  step  (S112  shown  in  Fig.  13B). 
[0138]  Accordingly,  a  finite-state  machine  with  failure  transitions  FFM  in  which  a  table  of  transitions  has  a  small  size 

45  than  that  in  a  conventional  deterministic  finite-state  machine  can  be  constructed  at  a  high  speed. 
[0139]  Fig.  13C  is  a  constitutional  block  diagram  of  an  automatic  product  inspection  system  in  which  the  first  con- 
structing  method  is  utilized  to  construct  the  Moore  machine  with  failure  transitions  FMO  according  to  the  first  embod- 
iment. 
[0140]  As  shown  in  Fig.  13C,  an  automatic  product  inspection  system  21  comprises  a  first  sensor  22  for  detecting 

so  one  of  first  features  of  a  product  conveyed  on  a  conveyer  CN  every  prescribed  time  and  outputting  an  inspecting  value 
"0"  or  "1  "  every  prescribed  time,  a  second  sensor  23  for  detecting  one  of  second  features  of  the  product  every  prescribed 
time  and  outputting  an  inspecting  value  "0"  or  "1"  every  prescribed  time,  a  Moore  machine  with  failure  transitions 
constructing  unit  24  having  the  constructing  method  performing  apparatus  31  for  producing  pieces  of  FMO  data  of  a 
Moore  machine  with  failure  transitions  from  pieces  of  NMO  data  of  a  nondeterministic  Moore  machine  input  from  an 

55  external  equipment  (not  shown)  according  to  the  first  constructing  method  performed  in  the  constructing  method  per- 
forming  apparatus  31,  a  control  unit  25  composed  of  an  electronic  circuit  for  storing  the  FMO  data  produced  in  the 
constructing  unit  24  in  a  FMO  memory  having  the  fixed  storage  capacity,  producing  pieces  of  control  data  corresponding 
to  a  final  state  of  the  Moore  machine  with  failure  transitions  FMO  which  is  determined  according  to  the  FMO  data  and 

20 
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the  inspecting  values  time-sequentially  transferred  from  the  first  and  second  sensors  22,  23  as  a  string  of  inputs,  and 
a  marking  robot  26  for  marking  a  non-defective  mark  on  the  product  in  cases  where  pieces  of  control  data  indicating 
that  the  product  is  a  non-defective  product  are  produced  in  the  control  unit  25. 
[0141]  In  the  above  configuration  of  the  automatic  product  inspection  system  21  shown  in  Fig.  13C,  the  operation  of 

5  the  system  21  in  which  a  constructing  method  of  a  Moore  machine  with  failure  transitions  constructed  in  the  Moore 
machine  with  failure  transitions  constructing  unit  24  in  a  form  of  pieces  of  FMO  data  is  applied  is  described. 
[0142]  Supposing  that  pieces  of  NMO  data  which  designate  a  nondeterministic  finite-state  machine  NMO  shown  in 
Fig.  1  4  are  directly  input  to  the  control  unit  25,  the  control  unit  25  is  operated  according  to  the  nondeterministic  finite- 
state  machine.  In  Fig.  14,  a  state  SO  denotes  an  initial  state  for  inspecting  each  of  products  on  the  conveyer  CN,  and 

10  states  S1  to  S5  follow  the  initial  state  SO.  Also,  a  symbol  A1  denotes  an  inspecting  value  "1  "  transferred  from  the  first 
sensor  22,  a  symbol  AO  denotes  an  inspecting  value  "0"  transferred  from  the  first  sensor  22,  a  symbol  B1  denotes  an 
inspecting  value  "1  "transferred  from  the  second  sensor  23,  and  a  symbol  B0  denotes  an  inspecting  value  "0"  transferred 
from  the  second  sensor  23.  A  pair  of  inspecting  values  from  the  first  and  second  sensors  22,  23  are  transferred  to  the 
control  unit  25  at  one  time  each  time  a  prescribed  interval  passes,  so  that  an  external  input  transferred  to  the  control 

is  unit  25  is  formed  of  a  combination  of  the  inspecting  values  such  as  A0B0,A0B1  ,A1  B0  or  A1B1.  In  cases  where  an 
external  input  taking  the  machine  NMO  from  a  current  state  to  a  next  state  defined  by  the  empty  set  is  input  to  the 
control  unit  25  (or  any  next  state  is  not  defined)  when  a  product  P1  is  inspected,  the  product  P1  is  judged  by  the  control 
unit  25  to  be  defective,  and  a  product  P2  following  the  product  P1  is  inspected.  For  example,  an  external  input  A0B0 
is  input  to  the  control  unit  25  when  the  machine  NMO  is  placed  at  the  initial  state  SO,  the  product  P1  is  judged  to  be 

20  defective  because  a  next  state  is  not  defined  for  the  external  input  A0B0.  In  contrast,  in  cases  where  a  string  of  external 
inputs  takes  the  machine  NMO  from  the  initial  state  SO  to  a  final  state  S5,  a  movement  A  is  instructed  from  the  control 
unit  25  to  the  marking  robot  26.  Therefore,  a  non-defective  mark  is  marked  on  the  product  P1  by  the  marking  robot  26. 
For  example,  a  string  of  external  inputs  A0B1  ,A1  B1  ,A0B1  and  A1  B1  takes  the  machine  NMO  from  the  initial  state  SO 
to  a  final  state  S5. 

25  [0143]  However,  in  cases  where  an  external  input  A1  B0  is,  for  example,  input  to  the  control  unit  25  when  the  machine 
NMO  is  placed  at  the  initial  state  SO,  the  machine  NMO  can  be  placed  at  a  plurality  of  next  states  S1  and  S2.  Therefore, 
the  control  unit  25  composed  of  an  electronic  circuit  cannot  be  correctly  operated  to  judge  whether  or  not  a  product  is 
defective.  To  avoid  this  drawback,  the  Moore  machine  with  failure  transitions  constructing  unit  24  is  utilized  in  this 
embodiment. 

30  [0144]  Fig.  15  shows  a  procedure  for  constructing  a  Moore  machine  with  failure  transitions  FMO  from  the  NMO 
machine  shown  in  Fig.  14  by  applying  the  first  constructing  method. 
[0145]  As  shown  in  Fig.  15,  states  <p,q>  of  the  machine  FMO,  values  of  the  success  function  g  defined  according 
to  the  equation  (2)  for  each  of  the  external  inputs,  values  of  the  failure  function  f  defined  according  to  the  equation  (6) 
and  values  of  the  output  function  u.  according  to  the  equations  (4)  and  (7)  are  listed  in  a  tabular  form.  For  example,  the 

35  machine  FMO  is  constructed  to  perform  the  transition  from  an  initial  state  tO  =  <{S0},{S0}>  to  a  next  state  t2  =  <{S2}, 
{S2}>  for  a  first  external  input  A0B1,  and  the  machine  FMO  is  constructed  to  perform  the  transition  from  the  current 
state  t2  =  <{S2},{S2}>  to  a  next  state  t5  =  <{S4},{S4}>  for  either  a  second  external  input  A1  B0  or  a  second  external 
input  A1  B1  following  the  first  external  input  A0B1  .  Also,  the  machine  FMO  is  constructed  to  perform  the  transition  from 
the  initial  state  tO  =  <{S0},{S0}>  to  a  next  state  t3  =  <cf>  ,  cf>  >  for  either  a  first  external  input  A1  B1  or  a  first  external  input 

40  A0B0  because  a  value  of  the  success  function  g  for  the  initial  state  tO  =  <{S0},{S0}>  and  the  external  input  A1  B1  or 
A0B0  is  not  defined  and  a  value  of  the  failure  function  f  is  <cp  ,  cf>  >  .  In  addition,  the  machine  FMO  is  constructed  to  instruct 
a  movement  [A]  to  the  marking  robot  26  in  cases  where  the  machine  FMO  is  placed  at  a  state  t10  or  til  because 
values  of  the  output  function  u.  of  the  machine  FMO  at  the  states  t10  and  t11  are  defined  to  [A]. 
[0146]  Fig.  16  is  a  state-transition  view  of  the  machine  FMO  constructed  according  to  the  first  constructing  method 

45  of  which  the  procedure  is  shown  in  Fig.  15. 
[0147]  In  Fig.  16,  each  of  success  transitions  indicated  by  solid  lines  denotes  a  transition  in  which  a  next  state  is 
defined  by  a  value  of  the  success  function  g  of  the  machine  FMO,  and  each  of  failure  transitions  indicated  by  broken 
lines  denotes  a  transition  in  which  a  failed  next  state  is  defined  by  a  value  of  the  failure  function  f  of  the  machine  FMO. 
By  comparing  the  state-transition  view  of  the  machine  FMO  shown  in  Fig.  16  with  the  state-transition  view  of  the 

so  machine  DMO  shown  in  Fig.  4,  though  the  machine  DMO  and  the  machine  FMO  are  constructed  from  the  same  machine 
NMO,  four  transitions  for  four  types  of  external  inputs  are  necessarily  defined  at  each  of  states  of  the  machine  DMO 
because  the  state-transition  function  8'  of  the  machine  DMO  is  the  total  function.  In  contrast,  In  the  machine  FMO, 
because  the  success  function  g  is  the  partial  function,  a  definition  region  of  the  success  function  g  is  almost  the  same 
as  that  of  the  state-transition  function  8  of  the  machine  NMO.  Therefore,  the  number  of  success  transitions  indicated 

55  by  solid  lines  in  the  machine  FMO  is  considerably  smaller  than  the  number  of  transitions  in  the  machine  DMO.  Partic- 
ularly,  in  cases  where  the  number  of  sensors  is,  for  example,  not  two  but  ten,  the  number  of  types  of  external  inputs 
is  considerably  increased,  so  that  the  difference  between  the  number  of  transitions  in  the  machine  DMO  and  the  number 
of  success  transitions  in  the  machine  FMO  is  considerably  increased. 
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[0148]  Accordingly,  in  cases  where  there  are  a  large  number  of  types  of  external  inputs,  the  machine  FMO  can  be 
made  of  a  small  sized  programmable  integrated  circuit  as  compared  with  the  machine  DMO.  For  example,  in  cases 
where  the  machine  FMO  is  made  of  a  sum-of-product  type  of  programmable  integrated  circuit  called  a  programmable 
array  logic  in  which  a  prescribed  number  of  programmable  portions  (called  product-term  lines)  of  a  combinational  circuit 

5  for  selecting  m  arbitrary  signal  lines  from  2n  signal  lines  formed  of  n  input  lines  having  n  signal  levels  D1,D2,—  ,Dn 
and  n  inverted  input  lines  having  n  inverted  signal  levels  D1  ,D2,—  ,Dn  and  calculating  a  logical  multiply  of  the  m 
arbitrary  signal  lines  are  arranged  and  an  output  of  the  combinational  circuit  is  determined  by  calculating  a  logical  sum 
of  outputs  of  the  prescribed  number  of  product-term  lines,  the  number  of  product-term  lines  can  be  small  as  compared 
with  that  of  the  programmable  array  logic  utilized  for  the  machine  DMO. 

10  [0149]  Next,  a  second  embodiment  of  an  automatic  product  inspection  system  in  which  the  Moore  machine  with 
failure  transitions  FMO  constructed  according  to  the  first  constructing  method  is  transformed  according  to  the  first 
transforming  method  is  described. 
[0150]  Initially,  the  first  transforming  method  applied  to  transform  the  Moore  machine  with  failure  transitions  FMO 
constructed  according  to  the  first  constructing  method  is  described  with  reference  to  Figs.  17,18  and  1  9. 

is  [0151]  Fig.  17A  is  a  block  diagram  of  a  transforming  method  performing  apparatus  in  which  a  finite-state  machine 
with  failure  transitions  FFM  represented  by  the  Moore  machine  with  failure  transitions  constructed  according  to  the 
first  constructing  method  is  transformed  according  to  the  first  transforming  method.  Fig.  17B  is  a  flow  chart  of  the  first 
constructing  method  performed  in  the  transforming  method  performing  apparatus  shown  in  Fig.  17A. 
[0152]  As  shown  in  Fig.  17A,  in  cases  where  afinite-state  machine  with  failure  transitions  FFM  constructed  according 

20  to  the  first  constructing  method  is  transformed  according  to  the  first  transforming  method  in  a  transforming  method 
performing  apparatus  51  ,  after  a  finite-state  machine  with  failure  transitions  FFM  is  constructed  according  to  the  first 
constructing  method  in  the  constructing  method  performing  apparatus  31  ,  it  is  judged  in  a  storage  region  judging  unit 
52  whether  or  not  a  storage  region  Sr  required  to  store  pieces  of  FFM  transition  data  relating  to  state-transitions  of  the 
finite-state  machine  with  failure  transitions  FFM  is  smaller  than  a  fixed  storage  region  (S201  shown  in  Fig.  17B).  In 

25  cases  where  the  storage  region  Sr  is  smaller  than  the  fixed  storage  region,  a  plurality  of  strings  of  failure  transitions 
from  a  plurality  of  remarked  states  of  the  machine  FFM  are  selected  one  after  another  in  the  order  placed  nearer  to 
an  initial  state  of  the  machine  FFM  in  a  transformed  state  selecting  unit  53,  and  each  of  the  strings  of  failure  transitions 
selected  is  changed  to  a  success  transition  for  each  of  external  inputs  in  a  transforming  method  performing  means  54 
according  to  the  first  transforming  method. 

30  [0153]  Accordingly,  because  each  of  the  strings  of  failure  transitions  is  changed  to  a  success  transition  on  condition 
that  the  storage  region  Sr  occupied  by  the  state-transition  of  the  machine  FFM  is  smaller  than  the  fixed  storage  region, 
the  machine  FFM  in  which  a  supreme  state-transition  operation  is  statistically  performed  can  be  constructed  according 
to  the  first  transforming  method  within  the  fixed  storage  region. 
[0154]  Fig.  18  is  a  block  diagram  of  the  transforming  method  performing  means  54  of  the  transforming  method  per- 

35  forming  apparatus  51  shown  in  Fig.  17. 
[0155]  As  shown  in  Fig.  18,  in  a  first  step,  an  originally  remarked  state  <p,q>  and  a  particular  external  input  care 
selected  in  the  transformed  state  selecting  unit  53  (S202  shown  in  Fig.  17B).  Thereafter,  it  is  examined  in  a  next  state 
examining  unit  55  of  the  transforming  method  performing  means  54  whether  or  not  a  value  g(<p,q>),c)  of  the  success 
function  g  is  defined  (S203  shown  in  Fig.  17B).  In  cases  where  the  value  g(<p,q>),c)  is  defined,  the  value  g(<p,q>),c) 

40  denotes  a  next  state  in  a  particular  success  transition,  and  the  first  transforming  method  is  finished  (S204  shown  in 
Fig.  17B).  In  contrast,  in  cases  where  the  value  g(<p,q>,c)  of  the  success  function  g  is  not  defined,  the  originally 
remarked  state  <p,q>  is  expressed  by  a  symbol  P  denoting  a  remarked  state  (S205  shown  in  Fig.  17B). 
[0156]  Thereafter,  in  a  second  step  of  the  first  transforming  method,  a  value  f(P)  of  the  failure  function  f  is  calculated 
in  a  failed  next  state  determining  unit  56  to  determine  a  failed  next  state  denoting  a  next  state  in  the  particular  failure 

45  transition.  In  cases  where  a  value  g(f(P),c)  of  the  success  function  g  is  not  defined,  the  state  f(P)  is  expressed  by  the 
symbol  P  denoting  a  remarked  state  newly  defined,  and  the  calculation  of  the  value  f(P)  is  repeated  until  a  value  g(f 
(P),c)  of  the  success  function  g  is  defined.  In  other  words,  as  shown  in  Fig.  1  9,  a  value  h  =  f(f(—  f  (P)—  ))  is  calculated 
in  the  failed  next  state  determining  unit  56  by  repeating  the  calculation  of  the  failure  function  f  until  a  value  g(h,c)  of 
the  success  function  g  is  defined  (S206  shown  in  Fig.  17B). 

so  [0157]  Thereafter,  in  a  third  step  of  the  first  transforming  method,  a  value  g(<p,q>,c)  of  the  success  function  g  is 
defined  as  g(h,c)  in  a  next  state  determining  and  storing  unit  57  to  determine  a  next  state  g(<p,q>,c)  =  g(h,c)  for  the 
originally  remarked  state  <p,q>  and  the  particular  external  input  c  (S207  shown  in  Fig.  1  7B).  Thereafter,  the  next  state 
g(<p,q>,c)  is  stored  in  the  next  state  determining  and  storing  unit  57  (5208  shown  in  Fig.  17B).  In  the  same  manner, 
values  g(<p,q>,x)  of  the  success  function  g  are  defined  as  next  states  for  the  originally  remarked  state  <p,q>  and 

55  arbitrary  external  inputs  x,  and  the  next  states  g(<p,q>,x)  are  stored  in  the  next  state  determining  and  storing  unit  57 
(S209  shown  in  Fig.  17B). 
[0158]  Thereafter,  in  a  fourth  step  of  the  first  transforming  method,  the  definition  of  the  value  f(<p,q>)  of  the  failure 
function  f  is  cancelled  in  a  failure  transition  deleting  unit  58  to  delete  the  particular  failure  transition  from  the  remarked 
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state  <p,q>  (S210  shown  in  Fig.  17B). 
[0159]  Thereafter,  in  a  fifth  step  of  the  first  transforming  method,  the  procedure  of  the  first  transforming  method  is 
finished. 
[0160]  Accordingly,  because  a  plurality  of  failure  transitions  are  changed  to  a  success  transition,  a  state-transition 

5  operation  of  the  machine  FFM  transformed  according  to  the  first  transforming  method  can  be  efficiently  performed  at 
a  high  speed. 
[0161]  Also,  in  cases  where  the  machine  FFM  is  not  placed  at  the  originally  remarked  state  <p,q>  during  the  operation 
of  the  machine  FFM,  the  first  transforming  method  can  be  performed  even  though  the  machine  FFM  is  under  operation. 
[0162]  Fig.  20  is  a  constitutional  block  diagram  of  an  automatic  product  inspection  system  according  to  the  second 

10  embodiment,  the  Moore  machine  with  failure  transitions  FMO  constructed  according  to  the  first  constructing  method 
being  transformed  according  to  the  first  transforming  method  in  the  automatic  product  inspection  system. 
[0163]  As  shown  in  Fig.  20,  an  automatic  product  inspection  system  41  comprises  the  first  sensor  22,  the  second 
sensor  23,  the  Moore  machine  with  failure  transitions  constructing  unit  24,  a  Moore  machine  transforming  unit  42  having 
the  transforming  method  performing  apparatus  51  for  transforming  the  FMO  data  of  the  Moore  machine  with  failure 

is  transitions  FMO  constructed  in  the  constructing  unit  24  by  changing  a  string  of  failure  transitions  performed  by  applying 
the  failure  function  f  to  a  single  success  transition  performed  by  applying  the  success  function  g,  a  control  unit  43 
composed  of  an  electronic  circuit  for  storing  pieces  of  transformed  FMO  data  produced  in  the  transforming  unit  42  in 
a  memory  having  the  fixed  storage  capacity  and  producing  pieces  of  control  data  corresponding  to  a  final  state  of  the 
Moore  machine  with  failure  transitions  FMO  which  is  determined  according  to  the  transformed  FMO  data  indicating  a 

20  transformed  machine  FMO  and  the  inspecting  values  time-sequentially  transferred  from  the  first  and  second  sensors 
22,  23  as  a  string  of  external  inputs,  and  the  marking  robot  26  for  marking  a  non-defective  mark  on  the  product  in  cases 
where  pieces  of  control  data  indicating  that  the  product  is  a  non-defective  product  are  produced  in  the  control  unit  25. 
The  number  of  transitions  changed  from  the  failure  transitions  to  the  success  transitions  in  the  Moore  machine  trans- 
forming  unit  42  is  determined  on  condition  that  the  transformed  FMO  data  is  stored  in  the  control  unit  43  having  a  fixed 

25  storage  capacity  and  a  failure  transition  from  a  current  state  nearer  to  an  initial  state  has  priority  to  be  changed  to  a 
success  transition. 
[0164]  In  the  above  configuration  of  the  automatic  product  inspection  system  41  shown  in  Fig.  20,  the  operation  of 
the  system  41  in  which  a  transforming  method  of  a  Moore  machine  with  failure  transitions  constructed  according  to 
the  first  constructing  method  is  applied  is  described. 

30  [0165]  Pieces  of  FMO  data  indicating  the  machine  FMO  shown  in  Fig.  16  are  produced  in  the  Moore  machine  with 
failure  transitions  constructing  unit  24  from  pieces  of  NMO  data  indicating  the  machine  NMO  shown  in  Fig.  1  4.  There- 
after,  the  FMO  data  of  the  machine  FMO  are  transformed  in  the  Moore  machine  transforming  unit  42  by  changing  a 
string  of  failure  transitions  to  a  single  success  transition  to  transfer  pieces  of  transformed  FMO  data  indicating  a  trans- 
formed  machine  FMO  to  the  control  unit  43. 

35  [0166]  In  the  control  unit  43,  a  success  transition  is  stored  in  a  set  having  three  elements  of  a  starting  point  (or  a 
current  state),  an  ending  point  (or  a  next  state)  and  an  external  input,  and  a  failure  transition  is  stored  in  a  set  having 
two  elements  of  a  starting  point  (or  a  current  state)  and  an  ending  point  (or  a  failed  next  state).  Therefore,  a  storage 
capacity  equivalent  to  3  words  is  consumed  in  the  control  unit  43  each  time  a  success  transition  of  the  transformed 
machine  FMO  or  the  machine  FMO  is  defined  in  the  transforming  unit  42,  and  a  storage  capacity  equivalent  to  2  words 

40  is  consumed  in  the  control  unit  43  each  time  a  failure  transition  of  the  transformed  machine  FMO  or  the  machine  FMO 
is  defined  in  the  transforming  unit  42.  Also,  the  control  unit  43  has,  for  example,  the  fixed  storage  capacity  equivalent 
to  100  words.  The  fixed  storage  capacity  of  the  control  unit  43  is  informed  the  transforming  unit  42. 
[0167]  When  the  FMO  data  of  the  machine  FMO  constructed  in  the  Moore  machine  with  failure  transitions  construct- 
ing  unit  24  is  transferred  to  the  transforming  unit  42,  the  storage  capacity  consumed  by  the  machine  FMO  is  calculated 

45  in  the  transforming  unit  42.  Because  twenty  success  transitions  and  eleven  failure  transitions  are  defined  in  the  machine 
FMO  shown  in  Fig.  16,  the  storage  capacity  equivalent  to  82  words  (20*3  +  11*2  =  82)  is  consumed  by  the  machine 
FMO.  Therefore,  a  storage  capacity  equivalent  to  18  words  remains  in  the  control  unit  43,  and  each  of  one  or  more 
strings  of  failure  transitions  is  changed  to  a  success  transition  within  the  increase  of  the  storage  capacity  equivalent 
to  18  words  to  transform  the  machine  FMO  into  a  transformed  machine  FMO.  In  this  case,  the  strings  of  failure  fran- 

co  sitions  are  selected  one  after  another  in  the  order  placed  nearer  to  an  initial  state  of  the  machine  FFM.  Therefore,  it  is 
initially  judged  in  the  transforming  unit  42  whether  or  not  a  failure  transition  in  which  a  current  state  is  equivalent  to  an 
initial  state  tO  exists,  and  the  failure  transition  is  changed  to  a  success  transition  in  cases  where  the  failure  transition 
exists. 
[0168]  In  detail,  the  first  transforming  method  is  applied  for  the  initial  state  <p,r>  =  tO  and  each  of  external  inputs  c 

55  =  A0B0,A0B1  ,A1  B0  and  A1  B1  .  Because  values  g(t0,"A0B1  ")  and  g(t0,"A1  B0")  of  the  success  function  g  for  the  initial 
state  tO  and  the  external  inputs  A0B1  and  A1  B0  are  defined  as  shown  in  Fig.  1  6,  the  first  transforming  method  performed 
for  each  of  the  external  inputs  A0B1  and  A1B0  is  finished  at  the  first  step.  In  contrast,  because  values  g(t0,"A0B0") 
and  g(t0,"A1  B1  ")  of  the  success  function  g  for  the  initial  state  tO  and  the  external  inputs  A0B0  and  A1  B1  are  not  defined, 
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it  is  judged  that  a  failure  transition  FT1  to  be  changed  to  a  success  transition  exists.  Also,  because  a  value  f(t0)  of  the 
failure  function  f  at  the  initial  state  tO  is  t3  and  because  a  value  g(t3,"A0B0")  of  the  success  function  g  is  defined,  a 
value  h  =  f(f(—  f(P)—  ))  's  equal  to  f(t0)  =  t3.  Thereafter,  in  the  third  step  of  the  first  transforming  method,  because  the 
value  g(t3,"A0B0")  is  t3,  a  value  g(<p,r>,c)  =  g(t0,"A0B0")  of  the  success  function  g  for  the  initial  state  tO  and  the 

5  external  input  A0B0  is  defined  to  t3  (that  is,  g(t0,"A0B0")  =  t3).  Also,  because  a  value  g(t3,"A1B1")  of  the  success 
function  g  is  defined  to  t3  in  the  third  step  of  the  first  transforming  method,  a  value  g(t0,"A1  B1  ")  of  the  success  function 
g  for  the  initial  state  to  and  the  external  input  A1  B1  is  defined  to  t3  (that  is,  g(t0,"A1  B1  ")  =  t3).  Because  the  values  of 
the  success  function  g  for  the  initial  state  tO  and  all  of  the  external  inputs  are  defined,  the  definition  of  the  value  f(t0) 
of  the  failure  function  f  is  allowed  to  be  cancelled  for  the  purpose  of  constructing  a  first-stage  transformed  machine 

10  FMO  in  the  fourth  step  of  the  first  transforming  method  on  condition  that  a  storage  capacity  required  by  the  first-stage 
transformed  machine  FMO  is  equal  to  or  smaller  than  the  fixed  storage  capacity  of  the  control  unit  43. 
[0169]  Because  the  failure  transition  FT1  is  deleted  and  two  success  transitions  are  newly  defined,  a  storage  capacity 
equivalent  to  4  words  (2*3  -  1*2  =  4)  is  additionally  consumed  in  the  control  unit  43.  Therefore,  a  storage  capacity 
equivalent  to  14  words  (18  -  4  =  14)  still  remains  in  the  control  unit  43  even  though  the  machine  FMO  is  transformed 

is  into  the  first-stage  transformed  machine  FMO,  and  the  transformation  of  the  machine  FMO  described  above  is  per- 
formed  to  obtain  the  first-stage  transformed  machine  FMO  shown  in  Fig.  21  . 
[0170]  Thereafter,  a  state  placed  nearest  to  the  initial  state  tO  is  selected.  In  other  words,  a  state  to  which  the  first- 
stage  transformed  machine  FMO  reaches  from  the  initial  state  tO  at  the  smallest  state-transition  times  is  selected. 
Because  there  are  three  states  t1  ,  t2  and  t3  closest  to  the  initial  state  tO,  the  state  t1  is,  for  example,  selected. 

20  [0171]  Because  a  value  g(t1  ,"A1  B0")  of  the  success  function  g  for  the  selected  state  t1  and  the  external  input  A1  B0 
is  defined  as  shown  in  Fig.  21  ,  the  first  transforming  method  performed  for  the  external  input  A1  B0  is  finished  at  the 
first  step.  In  contrast,  because  a  value  g(t1  ,"A1  B1  ")  of  the  success  function  g  for  the  selected  state  t1  and  the  external 
input  A1  B1  is  not  defined,  it  is  judged  that  a  failure  transition  FT2  to  be  changed  to  a  success  transition  exists.  Also, 
because  a  value  f(t1)  of  the  failure  function  f  at  the  selected  state  t1  is  t2  and  because  a  value  g(t2,"A1B1")  of  the 

25  success  function  g  is  defined,  a  value  h  =  f(f(—  f(P)—  ))  's  equal  to  f(t1)  =  t2.  Thereafter,  in  the  third  step  of  the  first 
transforming  method,  because  the  value  g(t2,"A1  B1  ")  is  t5,  a  value  g(<p,r>,c)  =  g(t1  ,"A1  B1  ")  of  the  success  function 
g  for  the  selected  state  t1  and  the  external  input  A1  B1  is  defined  to  t5  (that  is,  g(t1  ,"A1  B1  ")  =  t5).  Also,  because  values 
g(t1,"A0B0")  and  g(t1,"A0B1")  of  the  success  function  g  for  the  selected  state  t1  and  the  external  inputs  A0B0  and 
A0B1  are  not  defined,  it  is  judged  that  the  failure  transition  FT2  to  be  changed  to  a  success  transition  still  exists.  Also, 

30  because  a  value  f(t1)  of  the  failure  function  f  at  the  selected  state  t1  is  t2  and  because  values  g(t2,"A0B0")  and  g 
(t2,"A0B1  ")  of  the  success  function  g  are  not  defined,  a  value  f(t2)  =  f(f(t1  ))  of  the  failure  function  f  at  a  selected  state 
t2=  f(t1)  is  calculated  to  t3.  Because  values  g(t3,"A0B0")  and  g(t3,"A0B1")  of  the  success  function  g  are  defined,  a 
value  h  =f(f(—  f(P)—  ))  is  equal  to  f(f(t1))  =  f(t2)  =  t3.  Thereafter,  in  the  third  step  of  the  first  transforming  method,  because 
the  value  g(t3,"A0B0")  is  t3,  a  value  g(<p,r>,c)  =  g(t1  ,"A0B0")  of  the  success  function  g  for  the  selected  state  t1  and 

35  the  external  input  A0B0  is  defined  to  t3  (that  is,  g(t1  ,"A0B0")  =  t3).  Also,  because  the  value  g(t3,"A0B1  ")  is  3,  a  value 
g(<p,r>,c)  =  g(t1  ,"A0B1  ")  of  the  success  function  g  for  the  selected  state  t1  and  the  external  input  A0B1  is  defined  to 
t3  (that  is,  g(t1,"A0B1")  =  t3).  Because  the  values  of  the  success  function  g  for  the  selected  state  t1  and  all  of  the 
external  inputs  are  defined,  the  definition  of  the  value  f(t1)  of  the  failure  function  f  is  allowed  to  be  cancelled  for  the 
purpose  of  constructing  a  second-stage  transformed  machine  FMO  in  the  fourth  step  of  the  first  transforming  method 

40  on  condition  that  a  storage  capacity  required  by  the  second-stage  transformed  machine  FMO  is  equal  to  or  smaller 
than  the  fixed  storage  capacity  of  the  control  unit  43. 
[0172]  Because  the  failure  transition  FT2  is  deleted  and  three  success  transitions  are  newly  defined,  a  storage  ca- 
pacity  equivalent  to  7  words  (3*3  -  1  *2  =  7)  is  additionally  consumed  in  the  control  unit  43.  Therefore,  a  storage  capacity 
equivalent  to  7  words  (14-7  =  7)  still  remains  in  the  control  unit  43  even  though  the  first-stage  transformed  machine 

45  FMO  is  transformed  into  the  second-stage  transformed  machine  FMO,  and  the  transformation  of  the  first-stage  trans- 
formed  machine  FMO  described  above  is  performed  to  obtain  the  second-stage  transformed  machine  FMO  shown  in 
Fig.  22. 
[0173]  Thereafter,  the  state  t2  is,  for  example,  selected  because  the  state  t2  is  placed  nearest  to  the  initial  state  tO. 
Thereafter,  values  g(t2,"A0B0")  and  g(t2,"A0B1")  of  the  success  function  g  are  defined,  and  a  failure  transition  FT3 

so  shown  in  Fig.  22  is  cancelled  in  the  same  manner.  Therefore,  a  third-stage  transformed  machine  FMO  shown  in  Fig. 
23  is  constructed  according  to  the  first  transforming  method.  In  this  case,  a  storage  capacity  equivalent  to  4  words 
(2*3  -  1*2  =  4)  is  additionally  consumed  in  the  control  unit  43.  Therefore,  a  storage  capacity  equivalent  to  3  words  (7 
-4=3)  still  remains  in  the  control  unit  43. 
[0174]  Thereafter,  the  state  t3  is,  for  example,  selected  because  the  state  t2  is  placed  nearest  to  the  initial  state  tO. 

55  In  this  case,  because  values  g(t3,c)  of  the  success  function  g  for  the  state  t3and  all  of  the  external  inputs  c  are  defined 
as  shown  in  Fig.  23,  the  first  transforming  method  performed  for  each  of  the  external  inputs  is  finished  at  the  first  step. 
That  is,  the  third-stage  transformed  machine  FMO  is  not  transformed. 
[0175]  Because  all  of  the  states  t1  ,t2  and  t3  to  which  the  third-stage  transformed  machine  FMO  reaches  in  a  state- 
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transition  are  transformed,  one  of  states  t4  and  t5  to  which  the  third-stage  transformed  machine  FMO  reaches  in  two 
state-transitions  is  selected.  However,  in  cases  where  a  failure  transition  FT4  of  the  state  4  is  changed  to  three  success 
transitions,  a  storage  capacity  equivalent  to  7  words  (3*3  -  1  *2  =  7)  is  additionally  required,  so  that  a  storage  capacity 
more  than  the  fixed  storage  capacity  is  required  to  transform  the  third-stage  transformed  machine  FMO.  Also,  in  cases 

5  where  a  failure  transition  FT5  of  the  state  5  is  changed  to  three  success  transitions,  a  storage  capacity  equivalent  to 
7  words  (3*3  -  1*2  =  7)  is  additionally  required,  so  that  a  storage  capacity  more  than  the  fixed  storage  capacity  is 
required  to  transform  the  third-stage  transformed  machine  FMO.  Therefore,  the  first  transforming  method  is  finished, 
and  the  third-stage  transformed  machine  FMO  is  not  transformed.  Thereafter,  pieces  of  transformed  FMO  data  (equiv- 
alent  to  97  words)  of  the  third-stage  transformed  machine  FMO  are  transferred  to  the  control  unit  42,  and  pieces  of 

10  control  data  corresponding  to  a  final  state  of  the  third-stage  transformed  machine  FMO  are  produced  according  to  the 
transformed  FMO  data  and  the  inspecting  values  time-sequentially  transferred  from  the  first  and  second  sensors  22, 
23  as  a  string  of  external  inputs,  and  the  marking  robot  26  is  operated  according  to  the  transformed  FMO  data. 
[0176]  Accordingly,  because  each  of  the  strings  of  failure  transitions  is  changed  to  a  success  transition  on  condition 
that  a  storage  capacity  required  by  a  transformed  machine  FMO  transformed  according  to  the  first  transforming  method 

is  is  equal  to  or  smaller  than  the  fixed  storage  capacity,  the  transformed  machine  FMO  in  which  a  supreme  state-transition 
operation  is  statistically  performed  can  be  constructed  according  to  the  first  transforming  method. 
[0177]  Also,  because  the  machine  FMO  is  transformed  to  the  transformed  machine  FMO  by  locally  changing  each 
of  the  strings  of  failure  transitions  to  a  success  transition,  the  transformation  of  the  machine  FMO  can  be  performed 
during  the  operation  of  the  machine  FMO  according  to  the  first  transforming  method  on  condition  that  the  machine 

20  FMO  is  not  placed  at  a  state  relating  to  the  transformation  of  the  machine  FMO. 
[0178]  Next,  a  modification  of  the  first  transforming  method  applied  for  the  Moore  machine  with  failure  transitions 
FMO  is  described. 
[0179]  Initially,  a  modified  transforming  method  applied  to  transform  the  machine  FMO  constructed  according  to  the 
first  constructing  method  is  described  with  reference  to  Fig.  24. 

25  [0180]  Fig.  24A  is  a  block  diagram  of  a  modified  transforming  method  performing  apparatus  in  which  the  machine 
FFM  represented  by  the  machine  FMO  constructed  according  to  the  first  constructing  method  is  transformed  according 
to  the  modified  transforming  method.  Fig.  24B  is  a  flow  chart  of  the  modified  transforming  method  performed  in  the 
modified  transforming  method  performing  apparatus  shown  in  Fig.  24A. 
[0181]  As  shown  in  Fig.  24A,  in  cases  where  the  number  of  state-transitions  performed  between  two  states  not 

30  necessarily  adjacent  to  each  other  is  counted  during  the  operation  of  the  machine  FFM  to  change  a  string  of  failure 
transitions  actually  performed  at  a  high  frequency  to  a  success  function  in  a  modified  transforming  method  performing 
apparatus  81  ,  after  a  finite-state  machine  with  failure  transitions  FFM  is  constructed  according  to  the  first  constructing 
method  in  the  constructing  method  performing  apparatus  31,  the  machine  FFM  is  operated  by  the  action  of  a  finite- 
state  machine  operating  unit  82.  Thereafter,  the  number  of  state-transitions  performed  by  applying  the  failure  function 

35  to  takes  the  machine  FFM  from  each  of  current  states  to  each  of  next  states  according  to  each  of  external  inputs  is 
counted  in  a  failure  function  applying  times  counting  unit  83  for  each  of  the  current  states  and  each  of  the  external 
inputs  (S301  shown  in  Fig.  24B).  Thereafter,  when  the  number  of  state-transitions  performed  by  applying  the  failure 
function  f  to  perform  a  particular  failure  transition  of  the  machine  FFM  from  a  particular  current  state  for  a  particular 
external  input  is  summed  up  to  a  fixed  number  of  times,  the  operation  of  the  machine  FFM  is  halted  by  the  action  of 

40  the  finite-state  machine  operating  unit  82  (S302  shown  in  Fig.  24B).  Thereafter,  the  particular  current  state  and  the 
particular  external  input  are  informed  a  finite-state  machine  transforming  unit  84,  and  the  particular  failure  transition  is 
changed  to  a  particular  success  transition  for  the  particular  current  state  and  the  particular  external  input  according  to 
the  first  transforming  method  to  transform  the  machine  FFM  into  a  transformed  machine  FFM  in  the  finite-state  machine 
transforming  unit  84  (S303  shown  in  Fig.  24B).  Thereafter,  the  operation  of  the  transformed  machine  FFM  is  restarted 

45  by  the  action  of  the  finite-state  machine  operating  unit  82  (S304  shown  in  Fig.  24B). 
[0182]  Accordingly,  because  the  machine  FFM  is  transformed  into  the  transformed  machine  FFM  according  to  the 
modified  transforming  method  to  be  fitted  for  a  particular  type  of  external  inputs,  the  transformed  machine  FFM  can 
be  appropriately  operated  at  a  high  speed  for  each  of  types  of  external  inputs. 
[01  83]  Fig.  25  is  a  constitutional  block  diagram  of  an  automatic  product  inspection  system  according  to  a  modification 

so  of  the  second  embodiment,  the  Moore  machine  with  failure  transitions  FMO  constructed  according  to  the  first  con- 
structing  method  being  transformed  according  to  the  modified  transforming  method  described  in  Fig.  24A. 
[0184]  As  shown  in  Fig.  25,  an  automatic  product  inspection  system  71  comprises  the  first  sensor  22,  the  second 
sensor  23,  the  Moore  machine  with  failure  transitions  constructing  unit  24,  a  Moore  machine  transforming  unit  72  having 
the  modified  transforming  method  performing  apparatus  81  for  transforming  the  FMO  data  of  the  Moore  machine  with 

55  failure  transitions  FMO  constructed  in  the  constructing  unit  24  by  changing  a  string  of  failure  transitions  to  a  single 
success  transition  according  to  a  modification  of  the  first  transforming  method,  a  control  unit  73  composed  of  an  elec- 
tronic  circuit  for  storing  pieces  of  transformed  FMO  data  produced  in  the  transforming  unit  72  in  a  memory  having  the 
fixed  storage  capacity  and  producing  pieces  of  control  data  corresponding  to  a  final  state  of  the  Moore  machine  with 

25 



EP  0  917  029  A2 

failure  transitions  FMO  which  is  determined  according  to  the  transformed  FMO  data  indicating  a  transformed  machine 
FMO  and  the  inspecting  values  time-sequentially  transferred  from  the  first  and  second  sensors  22,  23  as  a  string  of 
external  inputs,  and  the  marking  robot  26. 
[0185]  The  number  of  transitions  changed  from  the  strings  of  failure  transitions  to  the  success  transitions  in  the  Moore 

5  machine  transforming  unit  72  is  determined  on  condition  that  the  transformed  FMO  data  is  stored  in  the  memory  of 
the  control  unit  73  having  the  fixed  storage  capacity. 
[0186]  Three  differences  between  the  modified  transforming  method  and  the  first  transforming  method  is  described. 
[0187]  A  first  difference  is  that  phased  transformations  are  performed  according  to  the  modified  transforming  method 
without  performing  serial  transformations  according  to  the  first  transforming  method.  A  second  difference  is  that  a 

10  success  transition  from  a  current  state  for  a  particular  external  input  is  newly  defined  and  other  success  transitions 
from  the  same  current  state  for  other  external  inputs  are  not  defined  according  to  the  modified  transforming  method. 
A  third  difference  is  that  a  string  of  failure  transitions  performed  more  than  the  number  of  prescribed  times  is  selected 
according  to  the  modified  transforming  method  to  be  changed  to  a  success  transition. 
[0188]  In  the  above  configuration,  the  operation  of  the  automatic  product  inspection  system  71  is  described. 

15  [0189]  Initially,  pieces  of  control  data  is  determined  in  the  control  unit  73  according  to  the  FMO  data  produced  in  the 
constructing  unit  24  and  the  inspecting  values  time-sequentially  transferred  from  the  first  and  second  sensors  22,  23 
as  a  string  of  external  inputs  each  time  a  product  is  inspected.  After  many  products  are  inspected,  in  cases  where  a 
sequential  state-transition  corresponding  to  tO  -»  1  1  -»  t4  -»  1  1  0  is  performed  many  times  by  receiving  a  string  of  external 
inputs  "A1  B0","A1  B0"  and  "A1  B1  "  many  times  and  the  number  of  state-transitions  caused  by  a  string  of  external  inputs 

20  "A1  B0","A1  B0"  and  "A1  B1  "  reaches  the  number  of  prescribed  times,  the  change  of  a  state-transition  from  the  state  t4 
to  the  state  t1  0  including  a  failure  transition  from  the  state  t4  to  the  state  t7  is  performed  to  transform  the  machine  FMO 
into  a  transformed  machine  FMO.  In  other  words,  a  value  t1  0  of  the  success  function  g  for  the  state  t4  and  the  external 
input  A1  B1  is  additionally  defined  according  to  an  equation  (25). 

25  
g(t4,"A1B1")  =  t10  (25) 

[0190]  Thereafter,  the  inspection  of  products  is  performed  by  utilizing  the  transformed  machine  FMO. 
[0191]  Accordingly,  because  the  state-transition  from  the  state  t4  to  the  state  t10  is  performed  at  a  high  speed,  the 

30  inspection  of  products  can  be  appropriately  performed  at  a  high  speed. 
[0192]  Next,  a  document  retrieving  apparatus  of  a  pattern  matching  apparatus  according  to  a  third  embodiment  of 
the  present  invention  is  described.  A  finite-state  machine  with  failure  transitions  FFM  specialized  for  a  pattern  matching 
is  called  the  pattern  matching  machine. 
[0193]  Initially,  the  third  constructing  method  applied  to  construct  a  pattern  matching  machine  according  to  the  third 

35  embodiment  is  described. 
[0194]  Fig.  26A  is  a  block  diagram  of  a  constructing  method  performing  apparatus  for  constructing  a  pattern  matching 
machine  according  to  the  third  constructing  method.  Fig.  26B  is  a  flow  chart  of  the  third  constructing  method  performed 
in  the  constructing  method  performing  apparatus  shown  in  Fig.  26A. 
[0195]  In  cases  where  a  pattern  matching  machine  is  constructed  in  a  constructing  method  performing  apparatus 

40  101  ,  by  utilizing  both  a  set  p  of  states  in  a  nondeterministic  finite-state  machine  and  a  set  r  of  states  in  the  pattern 
matching  machine,  a  combination  <p,r>  of  the  sets  p  and  r  is  regarded  as  states  of  the  pattern  matching  machine  (S401 
shown  in  Fig.  26B).  Thereafter,  an  initial  construction  of  the  pattern  matching  machine  is  performed  in  a  first  step.  In 
detail,  by  utilizing  an  initial  state  q0  of  the  nondeterministic  finite-state  machine,  an  initial  state  s0  of  the  pattern  matching 
machine  is  set  to  a  state  <{q0},s0>  in  an  initial  condition  producing  unit  102  of  the  apparatus  101  (S402  shown  in  Fig. 

45  26B),  and  the  initial  state  s0  =  <{q0},so>  is  stored  in  an  element  adding  and  storing  unit  103  to  add  the  initial  state  s0 
to  a  state  set  of  the  pattern  matching  machine  as  an  element  having  an  unprocessed  tag  (S403  shown  in  Fig.  26B). 
Thereafter,  in  the  initial  condition  producing  unit  1  02,  an  output  u,(s0)  of  the  pattern  matching  machine  at  the  initial  state 
s0  is  set  to  be  a  set  {̂ (q0)}  having  an  output  of  the  nondeterministic  finite-state  machine  at  the  initial  state  q0  (S404 
shown  in  Fig.  26B),  and  the  output  u,(s0)  is  stored  in  an  output  function  value  calculating  and  storing  unit  104  (S405 

50  shown  in  Fig.  26B). 
[0196]  In  a  second  step  of  the  method  for  constructing  the  pattern  matching  machine,  it  is  checked  whether  or  not 
an  element  having  an  unprocessed  tag  exists  in  the  state  set  of  the  pattern  matching  machine  placed  in  the  element 
adding  and  storing  unit  103  (S406  shown  in  Fig.  26B).  In  cases  where  an  element  having  an  unprocessed  tag  does 
not  exist  in  the  state  set  of  the  pattern  matching  machine,  no  existence  of  an  element  having  an  unprocessed  tag  is 

55  detected  in  an  unprocessed  element  selecting  unit  106,  and  the  construction  of  the  pattern  matching  machine  is  finished 
(S407  shown  in  Fig.  26B).  In  contrast,  in  cases  where  one  or  more  elements  <p,r>  respectively  having  an  unprocessed 
tag  exist  in  the  state  set  of  the  pattern  matching  machine,  an  element  <p,r>  first  added  to  the  state  set  of  the  pattern 
matching  machine  is  selected  from  the  state  set  of  the  pattern  matching  machine  as  a  selected  element  by  the  action 
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of  the  unprocessed  element  selecting  unit  106  (S408  shown  in  Fig.  26B),  and  the  selected  element  <p,r>  having  an 
unprocessed  tag  stored  in  the  element  adding  and  storing  unit  103  is  changed  to  an  selected  element  <p,r>  respectively 
having  a  processed  tag  (S409  shown  in  Fig.  26B). 
[0197]  In  a  third  step  of  the  method  for  constructing  the  pattern  matching  machine,  one  or  more  values  g(<p,r>,c)  of 

5  the  success  function  g  for  each  of  first  referential  characters  c  which  specify  next  states  8(t,c)  defined  in  the  nondeter- 
ministic  finite-state  machine  according  to  one  of  elements  t  of  a  state  set  p  of  the  nondeterministic  finite-state  machine 
corresponding  to  a  first  component  of  the  selected  element  <p,r>  are  set  to  values  Y  denoting  next  states  defined  in 
the  pattern  matching  machine  (S410  shown  in  Fig.  26B).  The  values  Y  are  determined  as  follows.  The  initial  state  s0 
is  selected  as  an  element  of  a  set  x  in  case  of  <p,r>  =  s0  (S411  shown  in  Fig.  26B).  In  case  of  <p,r>  *  s0,  a  first 

10  calculation  r(<p,r>)  for  taking  out  a  second  component  r  of  the  selected  state  <p,r>  is  repeated  one  or  more  times  until 
values  g(-,c)  =  g(r(r(—r(<p,r>)—)),c)  of  a  success  function  g  are  defined  to  obtain  a  state  u  =  r(r(—  r(<p,r>)—  )),  and 
values  g(u,c)  of  the  success  function  g  for  the  state  u  and  the  first  referential  input  characters  c  are  selected  as  values 
of  a  set  x  (S412  shown  in  Fig.  26B).  Also,  a  first  union  TJ8(t,c)  of  next  states  8(t,c)  of  the  nondeterministic  finite-state 
machine  for  elements  t  of  the  set  p  of  states  and  the  first  referential  characters  c  is  calculated,  a  second  union  p(x) 

75  Up(r(x))  Up(r(r(x)))TJ--Up(r(r(-r(x)-)))  of  a  string  of  sets  p(x),p(r(x)),p(r(r(x))),—  ,p(r(r(-r(x)-)))  obtained  by 
applying  a  second  calculation  for  taking  out  a  first  component  p  of  the  selected  state  <p,r>  of  the  pattern  matching 
machine  after  the  first  calculation  r(x)  is  repeated  a  zero  time  or  more  is  calculated,  and  difference  sets  XJ8(t,c)  -  p 
(x)  Up(r(x))  TJp(r(r(x)))  TJ--TJp(r(r(—  r(x)—  )))  of  the  first  and  second  unions  for  the  first  referential  characters  c  are 
selected  as  values  of  a  set  y  (S413  shown  in  Fig.  26B).  In  cases  where  the  set  y  is  the  empty  set,  the  values  g(<p,r>, 

20  c)  of  the  success  function  g  in  the  pattern  matching  machine  is  set  to  elements  of  the  set  x  (Y  =  x)  (S414  shown  in 
Fig.  26B).  In  cases  where  the  set  y  is  not  the  empty  set,  the  values  g(<p,r>,c)  of  the  success  function  g  in  the  pattern 
matching  machine  are  set  to  states  <y,x>  (Y  =  <y,x>)  (S415  shown  in  Fig.  26B).  Thereafter,  the  values  g(<p,r>,c)  of 
the  success  function  g  are  stored  in  a  success  function  value  calculating  and  storing  unit  1  05  (S41  6  shown  in  Fig.  26B). 
[0198]  Thereafter,  in  cases  where  the  values  Y  of  the  success  function  g  are  not  stored  in  the  element  adding  and 

25  storing  unit  103,  the  values  Y  are  stored  in  the  element  adding  and  storing  unit  103  to  add  the  values  Y  to  the  state 
set  of  the  pattern  matching  machine  as  elements  respectively  having  an  unprocessed  tag.  The  values  Y  denote  states 
defined  in  the  pattern  matching  machine.  Also,  output  values  u.(Y)  of  the  output  function  u.  of  the  pattern  matching 
machine  at  the  states  Y  are  calculated  as  follows.  A  third  union  TU{8(z,c)}  of  next  states  8(z,c)  in  the  nondeterministic 
finite-state  machine  for  elements  z  of  a  state  set  p  of  the  nondeterministic  finite-state  machine  corresponding  to  a  first 

30  component  of  the  selected  element  <p,r>  and  the  first  referential  characters  cis  calculated  (S417  shown  in  Fig.  26B), 
and  the  output  values  u.(Y)  are  set  to  a  fourth  union  JJ  {k(\)}  of  values  of  the  output  function  X  of  the  nondeterministic 
finite-state  machine  for  elements  t  of  the  third  union  TJ{8(z,c)}  (S418  shown  in  Fig.  26B).  Thereafter,  the  output  values 
u.(Y)  =  TU{X(t)}  are  stored  in  the  output  function  value  calculating  and  storing  unit  104  (S419  shown  in  Fig.  26B). 
[0199]  In  a  fourth  step  of  the  method  for  constructing  the  pattern  matching  machine,  in  cases  where  one  or  more 

35  second  referential  characters  c  which  specify  next  states  8(t,c)  defined  in  the  nondeterministic  finite-state  machine 
according  to  one  of  elements  t  of  a  state  set  p  of  the  nondeterministic  finite-state  machine  corresponding  to  a  first 
component  of  the  selected  element  <p,r>  exist,  values  f(Y)  of  the  failure  function  f  at  the  states  Y  =  g(<p,r>,c)  are  set 
to  elements  of  a  state  set  r  of  the  nondeterministic  finite-state  machine  corresponding  to  a  second  component  of  the 
selected  element  <p,r>  (S420  shown  in  Fig.  26B)  and  are  stored  in  a  calculated  failure  function  value  storing  unit  107 

40  (S421  shown  in  Fig.  26B). 
[0200]  In  a  fifth  step  of  the  method  for  constructing  the  pattern  matching  machine,  the  procedure  for  constructing  the 
pattern  matching  machine  returns  to  the  second  step,  and  the  procedure  from  the  second  step  to  the  fourth  step  is 
repeated  until  no  existence  of  an  element  having  an  unprocessed  tag  is  detected  in  the  unprocessed  element  selecting 
unit  106  in  the  second  step. 

45  [0201]  Accordingly,  a  pattern  matching  machine  in  which  a  table  of  the  state  transitions  has  a  smaller  size  than  that 
in  a  conventional  deterministic  finite-state  machine  can  be  constructed  at  a  high  speed. 
[0202]  Fig.  27  is  a  block  diagram  of  a  document  retrieving  apparatus  of  a  pattern  matching  apparatus,  in  which  the 
third  constructing  method  performed  in  the  constructing  method  performing  apparatus  101  is  utilized,  according  to  the 
third  embodiment. 

so  [0203]  As  shown  in  Fig.  27,  a  document  retrieving  apparatus  111  comprises  an  input  document  memory  112  for 
storing  an  input  document  composed  of  a  series  of  character  numbers  indicating  a  series  of  characters  and  outputting 
the  character  numbers  one  by  one,  a  pattern  matching  machine  constructing  unit  113  having  the  constructing  method 
performing  apparatus  101  for  producing  pieces  of  FMO  data  of  a  pattern  matching  machine  FMO  from  pieces  of  NMO 
data  of  a  nondeterministic  Moore  machine  and  a  plurality  of  strings  of  external  characters  input  from  outsides  according 

55  to  the  third  constructing  method  of  the  pattern  matching  machine  FMO,  a  success  function  memory  114  for  storing 
values  of  the  success  function  g  defined  in  the  constructing  unit  113  in  a  table  form  in  which  state  numbers  indicating 
states  of  the  pattern  matching  machine  FMO  and  the  character  numbers  transferred  from  the  input  document  memory 
112  are  listed  to  retrieval  the  values  of  the  success  function  g,  a  failure  function  memory  115  for  storing  values  of  the 
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failure  function  f  defined  in  the  constructing  unit  113  in  a  table  form  in  which  state  numbers  indicating  states  of  the 
pattern  matching  machine  FMO  are  listed  to  retrieval  the  values  of  the  failure  function  f  ,  a  state  number  recording  circuit 
116  for  recording  a  particular  state  number  output  from  either  the  success  function  memory  114  or  the  failure  function 
memory  115  each  time  a  state-transition  of  the  pattern  matching  machine  FMO  constructed  in  the  constructing  unit 

5  113  is  performed  according  to  a  character  number  stored  in  the  input  document  memory  112,  and  an  action  number 
table  memory  117  for  storing  action  numbers  indicating  types  of  actions  defined  in  the  constructing  unit  113  and  out- 
putting  a  particular  action  number  corresponding  to  the  particular  state  number  output  from  the  recording  circuit  116. 
[0204]  For  example,  the  state-transitions  of  the  machine  NMO  shown  in  Figs.  7  and  8  are  input  to  the  constructing 
unit  1  1  3,  and  the  pattern  matching  machine  FMO  is  constructed  according  to  the  third  constructing  method  by  utilizing 

10  a  computer  program  shown  in  Figs.  28(a),  28(b). 
[0205]  In  Figs.  28(a),  28(b),  "FMO_state(i):  <{q1  ,q2,—  ,qm),s>"  denotes  that  the  i-numbered  state  of  the  pattern 
matching  machine  FMO  to  be  constructed  corresponds  to  a  combination  of  a  state  set  having  states  q1  ,q2,—  ,qm  of 
the  nondeterministic  Moore  machine  NMO  as  elements  and  an  s-numbered  state  already  defined  in  the  pattern  match- 
ing  machine  FMO.  "FMO_goto  (<{q1  ,—  ,qm},s>,"x")=<{p1  ,—  ,pn},t>  (j)"  denotes  that  the  character  x  takes  the  pattern 

is  matching  machine  FMO  from  a  current  state  <{q1  ,—  ,qm},s>  to  a  next  j-numbered  state  <{p1  ,—  ,pn},t>,  "NMO_goto 
({q1  ,—  ,qm},"x")={p1  ,—  ,pn}"  denotes  that  the  character  x  takes  the  pattern  matching  machine  FMO  from  a  state  set 
{q1  ,—  ,qm}  of  the  machine  NMO  to  a  state  set  {p1  ,—  ,pn}.  "FMOJail  (<{q1  ,—  ,qm},s>,"x")=<{p1  ,—  ,pn),t>  denotes  that 
a  value  <{p1  ,—  ,pn},t>  of  the  failure  function  f  is  defined  because  a  value  of  the  success  function  g  for  the  state  <{q1  ,—  , 
qm},s>  of  the  pattern  matching  machine  FMO  and  the  character  x  is  not  defined. 

20  [0206]  Also,  a  state-transition  table  of  the  pattern  matching  machine  FMO  which  is,  for  example,  obtained  on  the 
basis  of  pattern  matching  conditions  of  a  string  of  referential  characters  specified  by  the  regular  transformation  shown 
in  Fig.  6  is  produced  in  the  constructing  unit  113  and  is  stored  in  the  success  function  memory  114,  the  failure  function 
memory  115  and  the  action  number  table  memory  117.  In  this  case,  the  state-transition  table  of  the  pattern  matching 
machine  FMO  produced  in  the  constructing  unit  113  is  shown  in  Fig.  29,  and  the  pattern  matching  machine  FMO 

25  produced  is  shown  in  Fig.  30. 
[0207]  In  Fig.  29,  the  state  numbers  1  to  18  denoting  the  states  t1  to  t18  of  the  pattern  matching  machine  FMO  are 
listed  in  a  state  column,  outputs  A  denoting  an  output  set  of  the  pattern  matching  machine  FMO  is  listed  in  an  output 
column,  state  numbers  of  next  states  for  each  of  characters  a,  b,  c  and  dare  listed  in  a  next  state  column,  state  numbers 
of  next  states  for  characters  $  other  than  a,  b,  cand  d  are  listed  in  the  next  state  column,  and  values  of  the  failure 

30  function  f  re  listed  in  a  fail  column.  The  number  of  state-transitions  is  summed  up  to  44  in  cases  where  a  success 
transition  from  a  current  state  to  a  next  state  for  a  character  is  estimated  as  one  state-transition. 
[0208]  In  the  above  configuration  of  the  document  retrieving  apparatus  111  shown  in  Fig.  27,  the  operation  of  the 
apparatus  111  in  which  a  constructing  method  of  the  pattern  matching  machine  FMO  constructed  in  the  constructing 
unit  113  in  a  form  of  pieces  of  FMO  data  is  applied  is  described. 

35  [0209]  Initially,  a  plurality  of  strings  of  referential  characters  (for  example,  a  string  of  referential  characters  abed)  and 
pieces  of  NMO  data  produced  by  applying  a  regular  transformation  to  pieces  of  original  NMO  data  are  input  from  an 
external  input  apparatus  (not  shown)  to  the  constructing  unit  113.  Also,  a  plurality  of  actions  are  included  in  the  NMO 
data.  Thereafter,  pieces  of  FMO  data  are  produced  in  the  constructing  method  performing  apparatus  101  by  utilizing 
the  NMO  data  and  the  strings  of  referential  characters  to  construct  a  pattern  matching  machine  FMO  according  to  the 

40  third  constructing  method  described  in  Fig.  26.  For  example,  the  pattern  matching  machine  shown  in  Fig.  30  is  con- 
structed  in  cases  where  the  string  of  referential  characters  abed  is  input  to  the  constructing  unit  113.  Therefore,  in 
cases  where  a  string  of  characters  agreeing  with  one  of  the  strings  of  referential  character  is  found  out  from  the  input 
document,  the  string  of  characters  is  successfully  retrieved  in  the  document  retrieving  apparatus  111.  Also,  various 
actions  denoting  outputs  of  states  in  the  pattern  matching  machine  FMO  are  specified  according  to  the  actions  of  the 

45  NMO  data. 
[0210]  In  the  FMO  data,  values  of  the  success  function  g,  values  of  the  failure  function  f  and  actions  A  indicated  by 
outputs  of  states  of  the  pattern  matching  machine  FMO  are  included.  The  values  of  the  success  function  g  are  stored 
in  the  success  function  memory  114,  the  values  of  the  failure  function  f  are  stored  in  the  failure  function  memory  115, 
and  action  numbers  indicating  the  actions  A  are  stored  in  the  action  number  table  memory  117  in  connection  with  state 

so  numbers  indicating  the  states. 
[0211]  Thereafter,  the  input  document  memory  112  is  initialized,  and  a  series  of  characters  of  an  input  document  is 
input  to  the  input  document  memory  112.  In  this  case,  a  remarked  character  Cr  of  the  input  document  is  placed  at  the 
head  of  a  retrieval  region  to  start  the  retrieval  of  the  input  document  from  the  remarked  character  Cr.  Simultaneously, 
the  state  number  recording  circuit  116  is  initialized,  and  a  current  state  number  of  the  state  t1  initially  stored  in  the 

55  recording  circuit  116  is  set  to  zero.  Therefore,  the  initializing  operation  is  finished,  and  a  pattern  matching  operation 
for  retrieving  the  characters  of  the  input  document  stored  in  the  input  document  memory  112  by  utilizing  the  pattern 
matching  machine  FMO  which  is  constructed  by  utilizing  the  strings  of  referential  characters. 
[0212]  Thereafter,  a  value  g(t1  ,Cr)  of  the  success  function  g  stored  in  the  success  function  memory  194  is  retrieved 
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by  referring  the  current  state  number  t1  output  from  the  recording  circuit  116  and  the  remarked  character  Cr  output 
from  the  input  document  memory  112.  In  cases  where  the  value  g(t1,Cr)  is  defined  in  the  memory  114,  the  value  g 
(t1  ,Cr)  is  recorded  in  the  recording  circuit  116  as  a  particular  state  number  denoting  a  next  state.  That  is,  the  remarked 
character  Cr  takes  the  pattern  matching  machine  FMO  from  the  remarked  state  t1  to  the  next  state,  and  the  next  state 

5  is  called  a  remarked  state  newly  determined. 
[0213]  In  contrast,  in  cases  where  the  value  g(t1,Cr)  is  not  defined  in  the  memory  114,  a  value  f(t1)  of  the  failure 
function  f  for  the  remarked  state  t1  is  output  from  the  failure  function  memory  115  to  the  recording  circuit  116,  and  the 
value  f(t1  )  is  stored  as  a  state  number  indicating  a  next  state.  Thereafter,  a  value  g(f(t1  ),Cr)  of  the  success  function  g 
stored  in  the  success  function  memory  194  is  retrieved  in  the  same  manner  by  referring  the  state  number  f(t1)  output 

10  from  the  recording  circuit  1  1  6  and  the  remarked  character  Cr.  The  retrieval  is  repeated  without  changing  the  remarked 
character  Cr  to  another  character  until  a  value  g(f(f(—f(t1  )•••)),  Cr)  defined  in  the  memory  114  is  found  out.  When  the 
value  g(f(f(—f(t1  )•••)),  Cr)  of  the  success  function  g  defined  in  the  success  function  memory  114  is  found  out,  the  value 
g(f(f(—f(t1  )•••)),  Cr)  is  recorded  in  the  recording  circuit  116  as  a  particular  state  number  denoting  a  next  state.  That  is, 
the  remarked  character  Cr  takes  the  pattern  matching  machine  FMO  from  the  remarked  state  t1  to  the  next  state  g(f 

is  (f(--f(t1  )•••)),  Cr),  and  the  next  state  is  called  a  remarked  state  newly  determined. 
[0214]  Therefore,  the  particular  state  number  is  transferred  to  the  action  number  table  memory  117,  and  a  particular 
action  number  which  corresponds  to  a  particular  action  denoting  an  output  at  the  particular  state  number  is  output. 
Thereafter,  the  particular  action  for  recording  a  position  of  the  remarked  character  Cr  in  the  input  document  is,  for 
example,  performed  according  to  the  particular  action  number  in  the  pattern  matching  apparatus  in  which  the  document 

20  retrieving  apparatus  111  is  arranged. 
[0215]  Thereafter,  another  character  subsequent  to  the  remarked  character  Cr  is  selected  as  a  remarked  character 
newly  determined,  and  an  operation  in  which  the  remarked  character  newly  determined  takes  the  pattern  matching 
machine  FMO  from  the  remarked  state  newly  determined  to  a  next  state  is  repeated  until  the  operation  of  the  pattern 
matching  machine  FMO  is  halted  according  to  a  particular  action  number  output  from  the  memory  117  or  the  state- 

25  transition  of  the  pattern  matching  machine  FMO  is  performed  for  all  of  the  characters  stored  in  the  input  document 
memory  112.  Thereafter,  the  pattern  matching  operation  is  finished. 
[021  6]  The  success  function  memory  1  1  4  is,  for  example,  made  of  an  associative  memory.  Therefore,  in  cases  where 
the  associative  retrieval  of  a  value  of  the  success  function  g  for  a  remarked  character  number  and  a  current  state 
number  is  performed  by  referring  a  combined  number  formed  of  the  remarked  character  number  and  the  current  state 

30  number,  the  failure  function  memory  115  and  the  action  number  table  memory  117  can  be  respectively  made  of  an 
ordinary  random  access  memory. 
[0217]  By  comparing  the  state-transitions  shown  in  Figs.  10  and  32,  the  number  of  state-transitions  of  the  pattern 
matching  machine  FMO  shown  in  Fig.  29  is  remarkably  smaller  than  that  of  the  machine  DMO  shown  in  Fig.  1  0.  Also, 
in  cases  where  the  pattern  matching  conditions  specified  by  the  regular  transformation  shown  in  Fig.  6  are  changed 

35  to  extended  pattern  matching  conditions  specified  by  the  regular  transformation  shown  in  Fig.  31  ,  the  difference  in  the 
number  of  state-transitions  between  the  pattern  matching  machine  FMO  and  the  machine  DMO  is  enlarged.  In  Fig. 
31,  N  strings  of  referential  characters  in  both  a  heavily  duplicated  character  form  and  a  slightly  duplicated  character 
form  are  listed  for  each  of  11  cases  (a  variable  N  ranges  from  1  to  11).  In  the  heavily  duplicated  character  form,  one 
or  more  referential  characters  in  a  string  of  referential  characters  for  a  case  agree  with  those  in  another  string  of 

40  referential  characters  for  the  same  case.  In  the  slightly  duplicated  character  case,  one  or  more  referential  characters 
in  a  string  of  referential  characters  for  an  N-th  case  agree  with  those  in  another  string  of  referential  characters  for  the 
same  N-th  case  (N  ranges  from  3  to  11),  and  any  referential  character  in  any  string  of  referential  characters  for  an  N- 
th  case  does  not  agree  with  a  referential  character  in  another  string  of  referential  characters  for  the  same  N-th  case 
(N  ranges  from  1  to  2). 

45  [0218]  Fig.  32  shows  the  comparison  of  the  number  of  state-transitions  for  one  state  of  the  pattern  matching  machine 
FMO  and  the  number  of  state-transitions  for  one  state  of  the  machine  DMO,  on  the  basis  of  the  pattern  matching 
conditions  shown  in  Fig.  31. 
[0219]  In  Fig.  32,  the  number  of  state-transitions  from  a  current  state  for  a  plurality  of  characters  is  equal  to  the 
number  of  characters  in  the  machine  DMO.  Also,  the  number  of  state-transitions  in  the  pattern  matching  machine  FMO 

so  is  equal  to  the  sum  of  the  number  of  values  of  the  success  function  g  defined  and  the  number  of  values  of  the  failure 
function  f  defined.  In  cases  where  the  pattern  matching  machine  FMO  and  the  machine  DMO  are  constructed  to  fit  the 
pattern  matching  conditions  shown  in  Fig.  31  ,  the  number  of  states  of  the  pattern  matching  machine  FMO  is  the  same 
as  that  of  the  machine  DMO  for  an  arbitrary  number  of  referential  characters.  However,  even  though  the  number  N  of 
strings  of  referential  characters  is  increased,  the  number  of  state-transitions  for  one  state  of  the  pattern  matching 

55  machine  FMO  is  slightly  increased  regardless  of  whether  the  pattern  matching  machine  FMO  is  constructed  to  fit  the 
strings  of  referential  characters  formed  according  to  either  the  slightly  duplicated  character  form  or  the  heavily  dupli- 
cated  character  form.  For  example,  the  number  of  defined  values  of  the  success  function  g  for  one  state  of  the  pattern 
matching  machine  FMO  ranges  from  one  to  three.  In  contrast,  in  cases  where  the  number  N  of  strings  of  referential 
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characters  is  increased  in  the  machine  DMO,  the  number  of  state-transitions  for  one  state  of  the  machine  DMO  is 
linearly  increased  for  the  slightly  duplicated  character  form  and  the  heavily  duplicated  character  form.  Therefore,  the 
number  of  state-transitions  for  one  state  in  the  machine  DMO  is  almost  N  times  as  much  as  that  in  the  pattern  matching 
machine  FMO. 

5  [0220]  Accordingly,  the  pattern  matching  operation  can  be  performed  at  a  high  speed  by  utilizing  the  pattern  matching 
machine  FMO  constructed  according  to  the  third  constructing  method,  as  compared  with  the  pattern  matching  operation 
performed  by  utilizing  the  machine  DMO. 
[0221]  Also,  because  the  number  of  state-transitions  for  one  state  in  the  machine  DMO  is  almost  N  times  as  much 
as  that  in  the  pattern  matching  machine  FMO  and  because  a  producing  time  required  to  produce  a  state-transition  in 

10  the  machine  DMO  is  the  same  as  that  in  the  pattern  matching  machine  FMO,  a  constructing  time  required  to  construct 
the  machine  DMO  is  almost  N  times  as  much  as  that  required  to  construct  the  pattern  matching  machine  FMO.  There- 
fore,  the  pattern  matching  machine  FMO  can  be  constructed  at  a  high  speed  as  compared  with  the  machine  DMO. 
[0222]  Next,  a  document  retrieving  apparatus  of  a  pattern  matching  apparatus  according  to  a  fourth  embodiment  of 
the  present  invention  is  described.  A  finite-state  machine  with  failure  transitions  FFM  specialized  for  a  pattern  matching 

is  is  called  the  pattern  matching  machine. 
[0223]  Initially,  the  first  transforming  method  applied  to  transform  a  pattern  matching  machine  constructed  according 
to  the  third  constructing  method  is  described  with  reference  to  Figs.  33  and  34. 
[0224]  Fig.  33A  is  a  block  diagram  of  a  transforming  method  performing  apparatus  in  which  a  pattern  matching 
machine  constructed  according  to  the  third  constructing  method  is  transformed  according  to  the  first  transforming 

20  method.  Fig.  33B  is  a  flow  chart  of  the  first  transforming  method  performed  in  the  transforming  method  performing 
apparatus  shown  in  Fig.  33A. 
[0225]  As  shown  in  Fig.  33A,  in  cases  where  a  pattern  matching  machine  constructed  according  to  the  third  con- 
structing  method  is  transformed  according  to  the  first  transforming  method  in  a  transforming  method  performing  ap- 
paratus  61  ,  after  the  pattern  matching  machine  is  constructed  according  to  the  third  constructing  method,  it  is  judged 

25  in  a  storage  region  judging  unit  62  whether  or  not  a  storage  region  Sr  required  to  store  pieces  of  transition  data  relating 
to  state-transitions  of  the  pattern  matching  machine  is  smaller  than  a  fixed  storage  region  (S501  shown  in  Fig.  33B). 
In  cases  where  the  storage  region  Sr  is  smaller  than  the  fixed  storage  region,  a  plurality  of  strings  of  failure  transitions 
from  a  plurality  of  remarked  states  of  the  pattern  matching  machine  are  selected  one  after  another  in  the  order  placed 
nearer  to  an  initial  state  of  the  pattern  matching  machine  in  a  transformed  state  selecting  unit  63,  and  each  of  the 

30  strings  of  failure  transitions  selected  is  changed  to  a  success  transition  for  each  of  external  characters  in  a  transforming 
method  performing  means  64  according  to  the  first  transforming  method. 
[0226]  Accordingly,  because  each  of  the  strings  of  failure  transitions  is  changed  to  a  success  transition  on  condition 
that  the  storage  region  Sr  occupied  by  the  state-transition  of  the  pattern  matching  machine  is  smaller  than  the  fixed 
storage  region,  the  pattern  matching  machine  in  which  a  supreme  state-transition  operation  is  statistically  performed 

35  can  be  constructed  according  to  the  first  transforming  method  within  the  fixed  storage  region. 
[0227]  Fig.  34  is  a  block  diagram  of  the  transforming  method  performing  means  64  of  the  transforming  method  per- 
forming  apparatus  61  shown  in  Fig.  33A. 
[0228]  As  shown  in  Fig.  34,  in  a  first  step,  an  originally  remarked  state  <p,r>  and  a  particular  referential  character  c 
are  selected  and  determined  in  the  transformed  state  selecting  unit  63  (S502  shown  in  Fig.  33B).  Thereafter,  it  is 

40  examined  in  a  next  state  examining  unit  65  of  the  transforming  method  performing  means  64  whether  or  not  a  value 
g(<p,r>),c)  of  the  success  function  g  is  defined  (S503  shown  in  Fig.  33B).  In  cases  where  the  value  g(<p,r>),c)  is 
defined,  the  value  g(<p,r>),c)  denotes  a  next  state  in  a  particular  success  transition,  and  the  first  transforming  method 
is  finished  (S504  shown  in  Fig.  33B).  In  contrast,  in  cases  where  the  value  g(<p,r>,c)  of  the  success  function  g  is  not 
defined,  the  originally  remarked  state  <p,r>  is  expressed  by  a  symbol  P  denoting  a  remarked  state  (S505  shown  in 

45  Fig.  33B). 
[0229]  Thereafter,  in  a  second  step  of  the  first  transforming  method,  a  value  f(P)  of  the  failure  function  f  is  calculated 
in  a  failed  next  state  determining  unit  66  to  determine  a  failed  next  state  denoting  a  next  state  in  the  particular  failure 
transition.  In  cases  where  a  value  g(f(P),c)  of  the  success  function  g  is  not  defined,  the  state  f(P)  is  expressed  by  the 
symbol  P  denoting  a  remarked  state  P  newly  defined,  and  the  calculation  of  the  value  f(P)  is  repeated  until  a  value  g 

so  (f(P),c)  of  the  success  function  g  is  defined.  In  other  words,  as  shown  in  Fig.  1  9,  a  value  h  =  f(f  (—  f  (P)—  ))  is  calculated 
in  the  failed  next  state  determining  unit  66  by  repeating  the  calculation  of  the  failure  function  f  until  a  value  g(h,c)  of 
the  success  function  g  is  defined  (S506  shown  in  Fig.  33B). 
[0230]  Thereafter,  in  a  third  step  of  the  first  transforming  method,  a  value  g(<p,r>,c)  of  the  success  function  g  is 
defined  to  g(h,c)  in  a  next  state  determining  (S507  shown  in  Fig.  33B)  and  is  stored  in  a  next  state  determining  and 

55  storing  unit  67  to  determine  a  next  state  g(<p,r>,c)  =  g(h,c)  for  the  originally  remarked  state  <p,r>  and  the  particular 
referential  character  c  (S508  shown  in  Fig.  33B).  Thereafter,  the  next  state  g(<p,r>,c)  is  stored  in  the  next  state  deter- 
mining  and  storing  unit  67.  In  the  same  manner,  values  g(<p,r>,x)  of  the  success  function  g  are  defined  as  next  states 
for  the  originally  remarked  state  <p,r>  and  arbitrary  referential  characters  x,  and  the  next  states  g(<p,r>,x)  are  stored 
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in  the  next  state  determining  and  storing  unit  67  (S509  shown  in  Fig.  33B). 
[0231]  Thereafter,  in  a  fourth  step  of  the  first  transforming  method,  the  definition  of  the  value  f(<p,r>)  of  the  failure 
function  f  is  cancelled  in  a  failure  transition  deleting  unit  68  to  delete  the  particular  failure  transition  from  the  originally 
remarked  state  <p,r>  (S510  shown  in  Fig.  33B). 

5  [0232]  Thereafter,  in  a  fifth  step  of  the  first  transforming  method,  the  procedure  of  the  first  transforming  method  is 
finished. 
[0233]  Accordingly,  because  a  plurality  of  failure  transitions  are  changed  to  a  success  transition,  a  state-transition 
operation  of  the  pattern  matching  machine  transformed  according  to  the  first  transforming  method  can  be  efficiently 
performed  at  a  high  speed. 

10  [0234]  Also,  in  cases  where  the  pattern  matching  machine  is  not  placed  at  the  originally  remarked  state  <p,r>  during 
the  operation  of  the  pattern  matching  machine,  the  first  transforming  method  can  be  performed  even  though  the  pattern 
matching  machine  is  under  operation. 
[0235]  Fig.  35  is  a  block  diagram  of  a  document  retrieving  apparatus  of  a  pattern  matching  apparatus,  in  which  the 
first  transforming  method  performed  in  the  transforming  method  performing  apparatus  61  for  transforming  the  pattern 

is  matching  machine  constructed  according  to  the  third  constructing  method  is  utilized,  according  to  a  fourth  embodiment. 
[0236]  As  shown  in  Fig.  35,  a  document  retrieving  apparatus  121  comprises  the  input  document  memory  112,  the 
pattern  matching  machine  constructing  unit  11  3  having  the  constructing  method  performing  apparatus  101  ,  the  success 
function  memory  114,  the  failure  function  memory  115,  a  pattern  matching  machine  transforming  unit  122  having  the 
transforming  method  performing  apparatus  61  for  transforming  the  pattern  matching  machine  FMO  into  a  transformed 

20  pattern  matching  machine  FMO  by  changing  the  FMO  data  of  the  pattern  matching  machine  FMO  to  pieces  of  trans- 
formed  FMO  data  of  the  transformed  pattern  matching  machine  FMO  to  change  each  of  the  strings  of  failure  transitions 
to  a  success  transition  according  to  the  first  transforming  method  on  condition  that  a  storage  capacity  required  to  store 
values  of  the  success  function  g  included  in  the  transformed  FMO  data  is  smaller  than  a  fixed  storage  capacity  of  the 
success  function  memory  114,  transferring  the  values  of  the  success  function  g  to  the  success  function  memory  114 

25  and  transferring  values  of  the  failure  function  f  included  in  the  transformed  FMO  data  to  the  failure  function  memory 
1  1  5,  the  state  number  recording  circuit  1  1  6,  and  the  action  number  table  memory  1  1  7. 
[0237]  In  the  above  configuration,  the  pattern  matching  machine  FMO,  for  example,  shown  in  Fig.  30  is  transferred 
from  the  constructing  unit  113  to  the  transforming  unit  122.  Also,  a  fixed  storage  capacity  of  a  memory  utilized  for 
storing  values  of  the  success  function  g  in  the  success  function  memory  114  is  informed  the  transforming  unit  122  in 

30  advance.  In  the  success  function  memory  114,  each  of  values  of  the  success  function  g  is  stored  in  a  set  having  three 
elements  of  a  starting  point  (or  a  current  state),  an  ending  point  (or  a  next  state)  and  a  referential  character.  Therefore, 
a  storage  capacity  equivalent  to  3  words  is  consumed  in  the  success  function  memory  114  each  time  one  value  of  the 
success  function  g  is  defined  in  the  transforming  unit  122.  Also,  the  success  function  memory  114  has,  for  example, 
the  fixed  storage  capacity  equivalent  to  100  words. 

35  [0238]  Thereafter,  a  storage  capacity  consumed  to  store  the  values  of  the  success  function  g  defined  in  the  con- 
structing  unit  1  1  3  is  initially  calculated  in  the  transforming  unit  1  22.  For  example,  in  cases  where  the  string  of  referential 
characters  abed  shown  in  Fig.  6  is  input  to  the  constructing  unit  113,  the  number  of  values  of  the  success  function  g 
is  summed  up  to  30  as  shown  in  Figs.  29  and  30.  Therefore,  a  storage  capacity  equivalent  to  90  words  (30  X  3  =  90) 
is  consumed  in  the  success  function  memory  114,  and  a  storage  capacity  equivalent  to  10  words  remains.  Therefore, 

40  the  first  transforming  method  is  performed  in  the  transforming  unit  122. 
[0239]  In  the  first  transforming  method,  strings  of  failure  transitions  are  selected  one  after  another  in  the  order  placed 
nearer  to  an  initial  state  t1  of  the  pattern  matching  machine  FMO.  Therefore,  it  is  initially  judged  in  the  transforming 
unit  1  22  whether  or  not  a  failure  transition  in  which  a  current  state  is  equivalent  to  an  initial  state  t1  exists.  Because  all 
of  state-transitions  from  the  initial  state  t1  are  defined  as  the  success  transitions,  the  first  transforming  method  described 

45  in  Figs.  33  and  34  is  finished  at  its  first  step.  Thereafter,  a  state  placed  nearest  to  the  initial  state  t1  is  selected.  In  other 
words,  a  state  to  which  the  transformed  machine  FMO  reaches  from  the  initial  state  t1  at  the  smallest  state-transition 
times  is  selected.  Because  there  are  two  states  t2  and  t3  closest  to  the  initial  state  t1,  the  state  t2  is,  for  example, 
selected. 
[0240]  Because  a  value  g(t2,£>)  of  the  success  function  g  for  the  selected  state  t1  and  the  referential  character  b  is 

so  defined  as  shown  in  Fig.  30,  the  first  transforming  method  performed  for  the  referential  character  b  is  finished  at  its 
first  step. 
[0241]  In  contrast,  because  values  g(t2,a),  g(t2,c),  g(t2,d)  and  g(t2,$)  of  the  success  function  g  for  the  selected  state 
t2  and  the  referential  characters  a,  c,  d  and  $  are  not  defined,  it  is  judged  that  a  failure  transition  FT6  to  be  changed 
to  one  or  more  success  transitions  exists.  Also,  because  a  value  f(t2)  of  the  failure  function  f  at  the  selected  state  t2 

55  is  t1  and  because  values  g(t1  ,c),  g(t1  ,d)  and  g(t1  ,$)  of  the  success  function  g  are  defined,  values  h  =  f(f(—  f(P)—  ))  's 
equal  to  f(t2)  =  t1  .  Thereafter,  in  the  third  step  of  the  first  transforming  method,  because  the  values  g(t1  ,c),  g(t1  ,d)  and 
g(t1  ,$)  are  t2,  values  g(<p,r>,c)  =  g(t2,c),  g(t2,d)  and  g(t2,$)  of  the  success  function  g  for  the  selected  state  t2  and  the 
referential  characters  c,  d  and  $  are  defined  as  follows. 
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g(t2,c)  =  t2,  g(\2,d)  =  t2,  g(t2,$)  =  t2 

[0242]  Also,  because  the  value  f(t2)  of  the  failure  function  f  at  the  selected  state  t2  is  t1  and  because  a  value  g(t1  ,a) 
5  of  the  success  function  g  is  defined,  values  h  =  f(f  (—  f  (P)—  ))  is  equal  to  f(t2)  =  t1  .  Thereafter,  in  the  third  step  of  the  first 

transforming  method,  because  the  value  g(t1,a)  is  t3,  a  value  g(<p,r>,c)  =  g(t2,a)  of  the  success  function  g  for  the 
selected  state  t2  and  the  referential  character  a  is  defined  as  follows. 

10  g( t2 ,a)- t3  

[0243]  Because  the  values  of  the  success  function  g  for  the  selected  state  t2  and  all  of  the  referential  characters  a, 
b,c,d  and  $are  defined,  the  definition  of  the  value  f(t2)  of  the  failure  function  f  is  allowed  to  be  cancelled  for  the  purpose 
of  constructing  a  first-stage  transformed  pattern  matching  machine  FMO  in  the  fourth  step  of  the  first  transforming 

15  method  on  condition  that  a  storage  capacity  required  by  the  first-stage  transformed  pattern  matching  machine  FMO  is 
equal  to  or  smaller  than  the  fixed  storage  capacity  of  the  success  function  memory  114.  Because  a  storage  capacity 
equivalent  to  9  words  (3*3  =  9)  is  additionally  consumed  in  the  success  function  memory  114.  Therefore,  a  storage 
capacity  equivalent  to  1  words  (10-9=1)  still  remains  in  the  success  function  memory  114  even  though  the  pattern 
matching  machine  FMO  is  transformed  into  the  first-stage  transformed  machine  FMO,  and  the  transformation  of  the 

20  pattern  matching  machine  FMO  described  above  is  performed  to  obtain  the  first-stage  transformed  pattern  matching 
machine  FMO  shown  in  Fig.  36. 
[0244]  Thereafter,  the  state  t3  is,  for  example,  selected  because  the  state  t3  is  placed  nearest  to  the  initial  state  t1  . 
In  this  case,  because  values  g(t3,a),  g(t3,c),  g(t3,d)  and  g(t3,$)  of  the  success  function  g  for  the  state  t3  and  all  of  the 
referential  characters  are  defined  as  shown  in  Figs.  29  and  30,  the  first  transforming  method  performed  for  each  of  the 

25  referential  characters  is  finished  at  the  first  step.  That  is,  the  first-stage  transformed  pattern  matching  machine  FMO 
is  not  transformed.  Thereafter,  one  of  states  t4,  t5,  t6  and  t7  to  which  the  first-stage  transformed  pattern  matching 
machine  FMO  reaches  in  two  state-transitions  is  selected.  However,  in  cases  where  a  failure  transition  FT7  of  the  state 
t4  is  changed  to  a  success  transition,  a  storage  capacity  equivalent  to  3  words  is  additionally  required,  so  that  a  storage 
capacity  more  than  the  fixed  storage  capacity  is  required  to  transform  the  first-stage  transformed  machine  FMO.  There- 

to  fore,  the  first  transforming  method  is  finished. 
[0245]  Thereafter,  values  of  the  success  function  g  of  the  transformed  FMO  data  obtained  in  the  transforming  unit 
122  are  stored  to  the  success  function  memory  114,  values  of  the  failure  function  f  of  the  transformed  FMO  data  are 
stored  to  the  failure  function  memory  115,  and  action  numbers  indicating  actions  A  defined  as  outputs  from  the  states 
of  the  transformed  pattern  matching  machine  FMO  are  stored  in  the  action  number  table  memory  117  in  connection 

35  with  state  numbers  indicating  the  states.  Thereafter,  a  pattern  matching  operation  is  started  in  the  same  manner  as 
that  in  the  document  retrieving  apparatus  111. 
[0246]  Accordingly,  because  each  of  the  strings  of  failure  transitions  is  changed  to  a  success  transition  on  condition 
that  a  storage  capacity  required  by  the  transformed  FMO  data  of  the  transformed  pattern  matching  machine  is  smaller 
than  the  fixed  storage  capacity  of  the  success  function  memory  114,  the  transformed  pattern  matching  machine  in 

40  which  a  supreme  state-transition  operation  is  statistically  performed  can  be  constructed  according  to  the  first  trans- 
forming  method  within  the  fixed  storage  capacity. 
[0247]  Next,  a  modification  of  the  first  transforming  method  applied  for  the  pattern  matching  machine  FMO  is  de- 
scribed  according  to  a  modification  of  the  fourth  embodiment. 
[0248]  Initially,  a  modified  transforming  method  applied  to  transform  the  pattern  matching  machine  FMO  constructed 

45  according  to  the  third  constructing  method  is  described  with  reference  to  Fig.  37. 
[0249]  Fig.  37A  is  a  block  diagram  of  a  transforming  method  performing  apparatus  in  which  a  pattern  matching 
machine  constructed  according  to  the  third  constructing  method  is  transformed  according  to  a  modified  transforming 
method.  Fig.  37B  is  a  flow  chart  of  the  modified  transforming  method  performed  in  the  transforming  method  performing 
apparatus  shown  in  Fig.  37A; 

50  [0250]  As  shown  in  Fig.  37A,  in  cases  where  the  number  of  state-transitions  performed  between  two  states  not 
necessarily  adjacent  to  each  other  is  counted  during  the  operation  of  the  machine  FFM  to  change  a  string  of  failure 
transitions  actually  performed  at  a  high  frequency  to  a  success  function  in  a  modified  transforming  method  performing 
apparatus  91,  after  the  pattern  matching  machine  is  constructed  according  to  the  third  constructing  method  in  the 
constructing  method  performing  apparatus  31,  the  pattern  matching  machine  is  operated  by  the  action  of  a  pattern 

55  matching  machine  operating  unit  92  of  the  performing  apparatus  91  .  Thereafter,  the  number  of  state-transitions  per- 
formed  by  applying  the  failure  function  f  to  takes  the  pattern  matching  machine  from  each  of  current  states  to  each  of 
next  states  according  to  each  of  referential  characters  is  counted  in  a  failure  function  applying  times  counting  unit  93 
for  each  of  the  current  states  and  each  of  the  referential  characters  (S601  shown  in  Fig.  37B).  Thereafter,  when  the 
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number  of  state-transitions  performed  by  applying  the  failure  function  f  to  perform  a  particular  failure  transition  of  the 
pattern  matching  machine  from  a  particular  current  state  for  a  particular  referential  character  is  summed  up  to  the 
number  of  prescribed  times,  the  operation  of  the  pattern  matching  machine  is  halted  by  the  action  of  the  pattern  match- 
ing  machine  operating  unit  92  (S602  shown  in  Fig.  37B).  Thereafter,  the  particular  current  state  and  the  particular 

5  referential  character  are  informed  a  pattern  matching  machine  transforming  unit  94,  and  the  particular  failure  transition 
is  changed  to  a  particular  success  transition  for  the  particular  current  state  and  the  particular  referential  character 
according  to  the  first  transforming  method  to  transform  the  pattern  matching  machine  into  a  transformed  pattern  match- 
ing  machine  in  the  pattern  matching  machine  transforming  unit  94  (S603  shown  in  Fig.  37B).  Thereafter,  the  operation 
of  the  transformed  pattern  matching  machine  is  restarted  by  the  action  of  the  pattern  matching  machine  operating  unit 

10  92  (S604  shown  in  Fig.  37B). 
[0251]  Accordingly,  because  the  pattern  matching  machine  is  transformed  into  the  transformed  pattern  matching 
machine  according  to  the  modified  transforming  method  to  be  fitted  for  a  particular  type  of  referential  characters,  the 
transformed  pattern  matching  machine  can  be  appropriately  operated  at  a  high  speed  for  each  of  types  of  referential 
characters. 

is  [0252]  Fig.  38  is  a  constitutional  block  diagram  of  a  document  retrieving  apparatus  according  to  the  modification  of 
the  fourth  embodiment,  the  pattern  matching  apparatus  FMO  constructed  according  to  the  third  constructing  method 
being  transformed  according  to  the  modified  transforming  method  described  in  Fig.  37A. 
[0253]  As  shown  in  Fig.  38,  a  document  retrieving  apparatus  131  comprises  the  input  document  memory  112,  the 
pattern  matching  machine  constructing  unit  11  3  having  the  constructing  method  performing  apparatus  101  ,  the  success 

20  function  memory  114,  the  failure  function  memory  115,  a  pattern  matching  machine  transforming  unit  132  having  the 
modified  transforming  method  performing  apparatus  91  for  transforming  the  pattern  matching  machine  FMO  into  a 
transformed  pattern  matching  machine  FMO  by  changing  the  FMO  data  of  the  pattern  matching  machine  FMO  to 
pieces  of  transformed  FMO  data  of  the  transformed  pattern  matching  machine  FMO  to  change  a  string  of  failure  tran- 
sitions  to  a  success  transition  according  to  the  modified  transforming  method  on  condition  that  a  storage  capacity 

25  required  to  store  values  of  the  success  function  g  included  in  the  transformed  FMO  data  is  smaller  than  a  fixed  storage 
capacity  of  the  success  function  memory  114,  transferring  the  values  of  the  success  function  g  to  the  success  function 
memory  1  1  4  and  transferring  values  of  the  failure  function  f  included  in  the  transformed  FMO  data  to  the  failure  function 
memory  115,  the  state  number  recording  circuit  116,  and  the  action  number  table  memory  117. 
[0254]  The  number  of  transitions  changed  from  the  strings  of  failure  transitions  to  the  success  transitions  in  the 

30  pattern  matching  machine  transforming  unit  132  is  determined  on  condition  that  the  transformed  FMO  data  is  stored 
in  the  the  success  function  memory  114  having  the  fixed  storage  capacity. 
[0255]  Three  differences  between  the  modified  transforming  method  and  the  first  transforming  method  is  described. 
[0256]  A  first  difference  is  that  phased  transformations  are  performed  according  to  the  modified  transforming  method 
without  performing  serial  transformations  according  to  the  first  transforming  method.  A  second  difference  is  that  a 

35  success  transition  from  a  current  state  for  a  referential  character  is  newly  defined  and  other  success  transitions  from 
the  same  current  state  for  other  referential  characters  are  not  defined  according  to  the  modified  transforming  method. 
A  third  difference  is  that  a  string  of  failure  transitions  performed  more  than  the  number  of  prescribed  times  is  selected 
according  to  the  modified  transforming  method  to  be  changed  to  a  success  transition. 
[0257]  In  the  above  configuration,  the  operation  of  the  document  retrieving  apparatus  131  is  described. 

40  [0258]  A  pattern  matching  operation  is  initially  performed  in  the  document  retrieving  apparatus  131  for  each  of  re- 
marked  characters  stored  in  the  input  document  memory  1  1  2  according  to  the  FMO  data  produced  in  the  constructing 
unit  113  in  the  same  manner  as  that  in  the  automatic  product  inspection  system  111  shown  in  Fig.  27.  After  many  state- 
transitions  of  the  pattern  matching  machine  FMO,  for  example,  shown  in  Fig.  30  are  performed  to  collate  many  remarked 
characters  of  the  input  document  with  the  strings  of  referential  characters  input  to  the  constructing  unit  113,  in  cases 

45  where  a  series  of  state-transitions  t1  -»  t2  -»  t4  -»  t2  -»  t4  is  performed  many  times  by  receiving  a  string  of  remarked 
characters  "bbb"  many  times  and  the  number  of  state-transitions  caused  by  many  strings  of  remarked  characters  "bbb" 
reaches  the  number  of  prescribed  times,  the  change  of  a  failure  transition  from  the  state  t4  to  the  state  t4  selected 
from  the  series  of  state-transitions  is  performed  in  the  transforming  unit  132  to  transform  the  machine  FMO  into  a 
transformed  machine  FMO.  In  other  words,  a  value  t4  of  the  success  function  g  for  the  state  t4  and  the  remarked 

so  character  b  is  additionally  defined  as  follows. 

g(t4,"fc")  =  t4 

55  [0259]  Thereafter,  the  value  g(t4,"£>")  of  the  success  function  g  is  stored  in  the  success  function  memory  114,  and  a 
pattern  matching  operation  is  performed  in  the  document  retrieving  apparatus  131  for  each  of  remarked  characters 
stored  in  the  input  document  memory  112  according  to  pieces  of  transformed  FMO  data  of  the  transformed  pattern 
matching  machine  produced  in  the  transforming  unit  114. 
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[0260]  Accordingly,  because  the  state-transition  from  the  state  t4  to  the  state  t4  for  the  remarked  character  b  is 
performed  at  a  high  speed,  the  pattern  matching  operation  for  a  string  of  remarked  characters  frequently  existing  in 
the  input  document  can  be  appropriately  performed  at  a  high  speed. 
[0261]  Having  illustrated  and  described  the  principles  of  our  invention  in  a  preferred  embodiment  thereof,  it  should 

5  be  readily  apparent  to  those  skilled  in  the  art  that  the  invention  can  be  modified  in  arrangement  and  detail  without 
departing  from  such  principles.  We  claim  all  modifications  coming  within  the  spirit  and  scope  of  the  accompanying 
claims. 

10  Claims 

1.  A  transforming  method  of  a  finite-state  machine  with  failure  transitions,  comprising  the  steps  of: 

preparing  a  finite-state  machine  with  failure  transitions  in  which  the  number  of  states  <p,q>  is  finite,  an  external 
is  input  c  takes  the  finite-state  machine  with  failure  transitions  from  a  current  state  s  to  a  next  state  g(s,c)  and 

an  output  u.(s)  is  output  from  the  next  state  g(s,c)  in  cases  where  a  value  g(s,c)  of  a  success  function  g  is 
defined,  and  an  external  input  c  takes  the  finite-state  machine  with  failure  transitions  from  a  current  state  s  to 
a  next  state  g(h,c)  (where  h  =  f(f(—  f(s)—  )))  determined  by  repeating  a  process  that  a  value  f(s)  of  the  failure 
function  f  is  calculated  and  the  value  f(s)  is  rewritten  to  the  symbol  s  until  a  value  g(h,c)  of  the  success  function 

20  g  is  defined  in  cases  where  a  value  g(s,c)  of  the  success  function  g  is  not  defined; 
selecting  an  originally  remarked  state  <p,q>  of  the  finite-state  machine  with  failure  transitions  and  a  particular 
external  input  c,  a  state  set  q  being  a  set  of  states  in  a  nondeterministic  finite-state  machine,  and  a  set  p  being 
defined  as  a  subset  of  the  state  set  q  (step  S202); 
examining  whether  or  not  a  value  g(<p,q>,  c)  of  the  success  function  g  for  the  originally  remarked  state  <p, 

25  q>  and  the  particular  external  input  c  is  defined  (step  S203); 
expressing  the  originally  remarked  state  <p,q>  by  a  symbol  P  denoting  a  remarked  state  in  cases  where  the 
value  g(<p,q>,  c)  of  the  success  function  g  is  not  defined  (step  S205); 
obtaining  a  value  h  =  f(f(—  f(P)—  ))  by  repeating  a  process  that  a  value  f(P)  of  the  failure  function  f  for  the 
remarked  state  P  is  calculated  and  the  value  f(P)  is  rewritten  to  the  symbol  P  denoting  a  remarked  state  newly 

30  defined  until  a  value  g(h,c)  of  the  success  function  g  is  defined  in  the  finite-state  machine  with  failure  transitions 
(step  S206); 
defining  the  value  g(<p,q>,  c)  of  the  success  function  g  as  g(h,c)  to  determine  a  next  state  g(<p,q>,  c)  =  g(h, 
c)  for  the  originally  remarked  state  <p,q>  and  the  particular  external  input  c  (step  S207); 
storing  the  next  state  g(<p,q>,  c)  (step  S208); 

35  repeating  the  above  steps  of  selecting  an  originally  remarked  state,  examining  whether  or  not  a  value  g(<p, 
q>,  c)  of  the  success  function  g,  expressing  the  originally  remarked  state,  obtaining  a  value  h  =  f(f(—  f(P)—  )), 
defining  the  value  q(<p,q>,  c)  and  storing  the  next  state  by  changing  the  particular  external  input  to  one  of 
external  inputs  until  the  next  state  g(<p,q>,  c)  for  the  originally  remarked  state  <p,q>  and  all  of  the  external 
inputs  are  defined  and  stored  (step  S209);  and 

40  canceling  the  definition  of  the  value  f(<p,q>)  of  the  failure  function  f  for  the  originally  remarked  state  <p,q> 
(step  S210). 

2.  A  transforming  method  according  to  claim  1  in  which  the  step  of  selecting  an  originally  remarked  state  <p,q> 
includes  the  steps  of: 

45 
judging  whether  or  not  a  storage  region  Sr  required  to  store  values  g(<p,q>,c)  of  the  success  function  g  defined 
in  the  finite-state  machine  with  failure  transitions  and  values  f(<p,q>)  of  the  failure  function  f  defined  in  the 
finite-state  machine  with  failure  transitions  is  smaller  than  a  fixed  storage  region;  and 
preparing  the  originally  remarked  state  <p,q>  on  condition  that  the  storage  region  Sr  is  smaller  than  the  fixed 

so  storage  region,  and 
the  step  of  defining  a  value  g(<p,q>,c)  of  the  success  function  g  includes  the  steps  of: 
judging  whether  or  not  an  increased  storage  region  required  to  additionally  store  the  values  g(<p,q>,c)  of  the 
success  function  g  for  the  remarked  state  <p,q>  and  all  of  the  external  inputs  c  is  smaller  than  the  fixed  storage 
region;  and 

55  defining  the  values  g(<p,q>,c)  of  the  success  function  g  on  condition  that  the  increased  storage  region  is  equal 
to  or  smaller  than  the  fixed  storage  region. 

3.  A  transforming  method  according  to  claim  1  in  which  the  step  of  selecting  an  originally  remarked  state  <p,q> 
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includes  the  step  of: 
selecting  the  originally  remarked  state  <p,q>  from  the  states  defined  in  the  finite-state  machine  with  failure 

transitions  in  the  order  placed  nearer  to  an  initial  state  of  the  finite-state  machine  with  failure  transitions. 

An  automatic  product  inspection  system,  comprising: 

detecting  means  (22;23)  for  detecting  a  plurality  of  types  of  features  of  a  product  at  one  time  every  prescribed 
time  and  time-sequentially  outputting  a  string  of  inspecting  values  Iv,  each  of  the  inspecting  values  Iv  indicating 
particular  types  of  features  of  the  product  detected  at  one  time;  and 
action  means  (26)  for  processing  the  product  according  to  the  string  of  inspecting  values  Iv  produced  in  the 
detecting  means, 

characterized  in  thatVne  automatic  product  inspection  system  further  comprises: 

finite-state  machine  with  failure  transitions  transforming  means  (42)  for  transforming,  according  to  a  trans- 
forming  method,  a  finite-state  machine  with  failure  transitions  in  which  the  number  of  states  <p,q>  is  finite,  an 
external  input  c  takes  the  finite-state  machine  with  failure  transitions  from  a  current  state  s  to  a  next  state  g 
(s,c)  and  an  output  u.(s)  is  output  from  the  next  state  g(s,c)  in  cases  where  a  value  g(s,c)  of  a  success  function 
g  is  defined,  and  an  external  input  c  takes  the  finite-state  machine  with  failure  transitions  from  a  current  state 
s  to  a  next  state  g(h,c)  (where  h  =  f(f(—  f(s)—  )))  determined  by  repeating  a  process  that  a  value  f(s)  of  the 
failure  function  f  is  calculated  and  the  value  f(s)  is  rewritten  to  the  symbol  s  until  a  value  g(h,c)  of  the  success 
function  g  is  defined  in  cases  where  a  value  g(s,c)  of  the  success  function  g  is  not  defined,  the  transforming 
method  comprising  the  steps  of 
selecting  an  originally  remarked  state  <p,q>  of  the  finite-state  machine  with  failure  transitions  and  a  particular 
external  input  c,  a  state  set  q  being  a  set  of  states  in  a  nondeterministic  finite-state  machine,  and  a  set  p  being 
defined  as  a  subset  of  the  state  set  q, 
examining  whether  or  not  a  value  g(<p,q>,  c)  of  the  success  function  g  for  the  originally  remarked  state  <p, 
q>  and  the  particular  external  input  c  is  defined, 
expressing  the  originally  remarked  state  <p,q>  by  a  symbol  P  denoting  a  remarked  state  in  cases  where  the 
value  g(<p,q>,  c)  of  the  success  function  g  is  not  defined, 
obtaining  a  value  h  =  f(f(—  f(P)—  ))  by  repeating  a  process  that  a  value  f(P)  of  the  failure  function  f  for  the 
remarked  state  P  is  calculated  and  the  value  f(P)  is  rewritten  to  the  symbol  P  denoting  a  remarked  state  newly 
defined  until  a  value  g(h,c)  of  the  success  function  g  is  defined  in  the  finite-state  machine  with  failure  transitions, 
defining  the  value  g(<p,q>,  c)  of  the  success  function  g  as  g(h,c)  to  determine  a  next  state  q(<p,q>,  c)  =  g(h, 
c)  for  the  originally  remarked  state  <p,q>  and  the  particular  external  input  c, 
storing  the  next  state  g(<p,q>,  c), 
repeating  the  above  steps  of  selecting  an  originally  remarked  state,  examining  whether  or  not  a  value  g(<p, 
q>,  c)  of  the  success  function  g,  expressing  the  originally  remarked  state,  obtaining  a  value  h  =  f(f(—  f(P)—  )), 
defining  the  value  q(<p,q>,  c)  and  storing  the  next  state  by  changing  the  particular  external  input  to  one  of 
external  inputs  until  the  next  state  q(<p,q>,  c)  for  the  originally  remarked  state  <p,q>  and  all  of  the  external 
inputs  are  defined  and  stored,  and 
canceling  the  definition  of  the  value  f(<p,q>)  of  the  failure  function  f  for  the  originally  remarked  state  <p,q>;  and 
control  means  (43)  for  performing  state-transitions  of  the  finite-state  machine  with  failure  transitions  trans- 
formed  by  the  finite-state  machine  with  failure  transitions  transforming  means  by  utilizing  the  string  of  inspecting 
values  Iv  produced  by  the  detecting  means,  each  of  the  inspecting  values  Iv  taking  the  finite-state  machine 
with  failure  transitions  from  a  current  state  s  to  a  next  state  g(s,lv)  and  an  output  u.(s)  being  output  from  the 
next  state  g(s,lv)  in  cases  where  a  value  g(s,lv)  of  the  success  function  g  is  defined,  each  of  the  inspecting 
values  Iv  taking  the  finite-state  machine  with  failure  transitions  from  a  current  state  s  to  a  next  state  f(s)  de- 
termined  by  a  value  f(s)  of  the  failure  function  f  in  cases  where  the  value  g(s,lv)  of  the  success  function  g  is 
not  defined,  and  the  product  being  processed  by  the  action  means  according  to  the  output  u.(s). 

A  system  according  to  claim  4  in  which  the  step  of  selecting  an  originally  remarked  state  <p,q>  in  the  finite-state 
machine  with  failure  transitions  transforming  means  includes  the  steps  of: 

judging  whether  or  not  a  storage  region  Sr  required  to  store  values  g(<p,q>,c)  of  the  success  function  g  defined 
in  the  finite-state  machine  with  failure  transitions  and  values  f(<p,q>)  of  the  failure  function  f  defined  in  the 
finite-state  machine  with  failure  transitions  is  smaller  than  a  fixed  storage  region;  and 
preparing  the  originally  remarked  state  <p,q>  on  condition  that  the  storage  region  Sr  is  smaller  than  the  fixed 
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storage  region,  and 
the  step  of  defining  a  value  g(<p,q>,c)  of  the  success  function  g  includes  the  steps  of: 
judging  whether  or  not  an  increased  storage  region  required  to  additionally  store  the  values  g(<p,q>,c)  of  the 
success  function  g  for  the  remarked  state  <p,q>  and  all  of  the  external  inputs  c  is  smaller  than  the  fixed  storage 
region;  and 
defining  the  values  g(<p,q>,c)  of  the  success  function  g  on  condition  that  the  increased  storage  region  is  equal 
to  or  smaller  than  the  fixed  storage  region. 
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PRIOR 

0^r™  T€S  °F  HALO'S  jS  O f j j m   -  IRMNVm  /V//C7H*/  £ '   OOTfOTtS  MP) 
HD0KMCHIAJ6  A0Bl  AlB0  A,Bl  A0B0  of  f)fj0 

10={S0}  {SZ>  {51.S2}  t  *  4 

tl=*  *  *  i  *  4 
t2=<Sl.S2>  *  {SI.S?..S3.S<l}  (S4j.  f  f 

tKSH}  ♦  {54}  {S4}  i  * 
W={Si.S2.53.S4}  <S3}  {SI.52.S3.S0}  {S4.S5}  *  f 

t5={S4)  {S3}  f  {S4}  f  j 
t5=*3>   ̂ f  {55}   ̂ j 

t7={S4.S5)  {S3}  $  {S4}  f  (A) 
tfl={S5}  t  j,  #  #  {A} 

A!80 

AOBO  AIBO 
AOBI  AIBI 
AIBO 
AIBI 
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FRioR  A R 1  

PRIOR  A R T  

VALUED  of  SW£-TR/\/J/S!TlOA/  POA/CV04/  S  )Al  Mt\o 

suae  cm  i  urn  $  a  b  c  cl 
1  [  I  1.  6  1.3.9.  12.  15  1.5  1.6  1.6 
2  f  A] 
3  [  ]  -  -  4 
\  {  }  -  -  -  5 
5  [  ]  -  -  -  ■  2 
G  [  ]  -  ■  7 
7  [  1  -  •  -  8 
8  [  J  -  -  -  -  2 
(i  r  i  io  in  -  io  io 

Hi  t  j  -  -  -  n 
11  f  1  •  -  •  2 
12  1.  J  -  •  13 
13  [  ]  M  H  M  •  H 
H  [  ]  •  -  -  -  2 
15  [  ]  -  -  16 
16  [  ]  -  -  -  17 
17  f  ]  2  2  2  2 
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"MO  Ki>iu((|).  "$-)={[.  61  (2) 
l)M"_t«ilo(|!l."a-)=(l.3.9.  12.  15!  (3) 
IWOjwtoCll).  "b'Xl.  6!  (2) 
DM0_golo((l|.-c")=(1.6l  (2) 
RM0_RotoC(ll.  "d")=(l.  6)  (2) 

>M0_sl;ilc  (2):  (l.G) 
DJIO_wit(i((I.GI,  TXI.GI  (2) 
l)M0_K(.U]((I.G),"n'-)=(1.3.  9.  12,  15!  (3) 
DMO_RuU.((1.6l."b,>(1.6.7l  (4) 
WiO_K(iu.((I.G)."c")=(I.G!  (2) 
l)Mt)_?.(.i(1([l.G)."d")=(l.61  (2) 

MUjUale  (3):  11.3.9.  12.  15) 
0MO_R(.u.C(  1.  3.  9.  12.  151.  "S'XI.S.  10)  C5) 
l)HO_BoioCM.  3.  9.  12.  151.VMI.3.9.  10.  12.  15)  (6) 
i)MO_K(Uo((l.  3.  9.  12.  151.  "bX  I.  4.  6.  13.  161  (7) 
l)ll()_i«>u>([i.  3.9.  12.  151.  "cXl.G.  101  (5) 
I)MO_roU)((1.  3.9.  12.  151.-<J-)-(l.G.  1(1)  (5) 

)M0_slnle  (4):  (l.G.  7) 
r))IO_KoU.((l.G.7l."S")=(l.Gl  (2) 
l»lO_RoU,((l.G.71."a")--(1.3.9.  12.  15!  (3) 
DMO_sota((1.6.7!."b")M1.6.71  (4) 
l)MO_p.oU)((l.G.7).-c_)--[l.G.8)  (8) 
DMOjjou.Cd.fi.  7l."d~)--(|.6l  (2) 

»|0  sum-  (5):  (1.6.  10) 
avo_go((i((l.  G.  10).  "5X1.6)  (2) 
nyO_Rc)U)((1.6.  I01."a")=(l.3.9.  12.  15)  (3) 
[)M0_KnUi(U.G.  10)."b"Xl.G.7)  (4) 
miO_RoUi((I.G.  I01.VH1.6.  II)  (9) 
r»tO_goto((I.G.  101.  "dX1.61  (2) 

)M0_siaU:  ((i):  (I,  3.  9.  10.  12.  151 
nMOj(i,io((l.  3.9.  10.  12.  15).  "DM  1.  6.  10!  (5) 
l)MO_p,oio((1.3.9.  10.  12.  151.VX1.3.9.  10.  12.  151  (G 
[)MO_k(,u.((1.  3.  9.  10.  12.  15).  "b'XI.1.  6.  13.  15!  (7) 
DMO  soto((l.  3.  9.  10.  12.  15)."c'XI.6.  10.  Ill  (10) 
t)M()_v/Uo((l.3.  9.  10.  12.  l5l.-crXI.G.  101  (5) 

»w_siace  U):  e,  J3,  jg) 
CHO_gotoC(l.lG.  13.  I6)."$X(1.6.  Ml  (]]) 
MO_goto((1.4.6.  13.  16)."aX1.3.9.  12.  M  151  (\2) MO_Roto((1.4.6.  13.  16).  "hX  l.G.  7.  M)  (|3) 
0«0_goto((|./1.6.  13.  16).-cX1.5.6.  17)  (M) 
DH0_RotoC{l./1.6.  13.  16l."dXl.G.  M)  (1|) 

)>IO_slalc  (8):  (1,6.  8J 
MCUoloCU.G.  81.  "DM!.  Bl  (2) 
DMC)_sjoto(ll.G.8}.  V)=U.3.9.I2.15)  (3) 
DH0_goioC(  1.  G.  8i.  ~b")=t  1.  B.  7)  (4) 
MO_Roto((l.6.8i."cXl.6)  (2) 
DJ10_Roto((l.  6.81.  "d-)  =  Cl.  2.6)  (15) 

)M0_state  (9):  (l.G.  II) 
r)MO_gotoC(  I.  6.  11)."SX1.61  (2) 
M0_golo((l.G.  lll ."aXl.3.D.  12.  15)  (3)  . M0_goto((1.6.  IU,"bXI.B.  7)  (-1) 
DHO_Ro(o((|.fi.  ||).  "cXl.G)  (2) 
l)«0_K!)U>((l.li.  ll).-dXI.2.G)  (15) 

«0_slate  (10):  (1.6.  10.  11) 
0«0_ROto((1.6.  10.  1I)."J")=(1.G)  (2) 
M0_roU,(11.6.  10.  ll).'a-)=(l.3.9.  12.  15)  (3) 
DHO_goto([1.6.  10.  lll.-b")--(l.6.7l  (4) 
0MO_goio((1.6.  10.  Il)."c_)={l.6.  ]|)  (9) 
DHO_Rr,u»<(  I.  R.  10.  ll)."dX1.2.G)  (15) 

«0_state  (11):  (1.6.  14) 
0XO_go  to((  1.6.  MI."$Xl.GI  (2) 
DH0_goto((1.6.  M).V)»(I.3.9.  12.  151  (3) 
D«0_gato((l,6.  M)._bX1.6.7)  (4) 
DM0_Roto((|.6.  14).'cX1.6)  (2) 
D«0_ruCo((1,  6.  Ml.  *dXI.2.6l  (15) 

IO_.sl;.U:  (12):  (1.  3.  9.  12.  M.  151 
DHO_Roki((1.3.9.  12.  14.  I51.-SX1.6.  10)  (51 
IM)_RoU>((l.3.9.  12.  M.  l5!.-aX1.3.9.  10.  12.  151  (G) 
MO_gou.(ll.3.9.  12.  14.  15)."bX1.4.6.  13  1G1  (7) 
nH0_noio((l.3.9.  12.  14.  15).-cXI.6.  10)  (5) 
MOjtriUi(ll.3.9.  12.  14.  l51._dX1.2.G,  101  (IG) 
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p R I o f t   AR7  

)M0_state  (13):  (1,6.7.  14} 
DH0_goto((I,G.  7.  Ml,  "$")  =  (  I.  6)  (2) 
DH0_rolo((1.6.  7.  H I . Y M I . 3 . 9 .   12.  15)  (3) 
DMO  RotoCll.  6.  7.  Ml.  "bX(l.  6.  71  (4) 
D«0_RotoC(1.6.  7.  Ml.  V)--(l.6.  81  (8) 
D»0_roioC{1.  6.  7.  Ml.  "cTMI.2.  G)  (15) 

3M)_slate  CM):  (1,5.  G.  171 
DM0_rcHo((1.  5.  6.  17).  ■$")  =  (!.  2.  6)  (15) 
DM0_roIo(  (1.5.  fi.  171."a")MI.2.3.9.  12.  151  (17) 
DH0_Rolo((l.  5.  6.  17).  "b 'Xl .   2.  G.71  (18) 
DM0j?oto(ll.  5.  G.  17).  "c")--(l.  2.  61  (15) 
DH0_gotoC(l.  5.  6.  171,  "d")  =  (l.  2.  G)  (15) 

DM0_stale  (15):  (1.2.61 
DMO  roLoC  (1.2.  G)."$X(I.6)  (2) 
DM0_Raio((l.2.  61.  V X I . 3 .   9.  12.  15)  (3) 
DMO  roUi((1.2.  6)."bX(1.6.  7)  (4) 
I)«0_Roto((l.  2.  G)."c")  =  (1.61  (2) 
[)H0_roLo((I.2.  G]."d"XI.Gl  (2) 

DMO  state  (16):  (1.2.6.  101 
DMO  RoloCtl.  2.  6.  101.  "S*)^  1.61  (2) 
DMO_Rnio((!.2.6.  101 .VHI.3 .9 .   12.  151  (3) 
DH0_Roto((  1.2.6.  101.  "b")  =  (l.  6.71  (4) 

DM0_gc,to((l,  2.  6.  IO)."c")M1.6.  Ill  (9) 
I>HO_eoIci<(I.Z.G.  10),  "d")-(I.  61  (2) 

DHO  state  (17):  (1.2.3.9.  12.  15) 
DHO_goto((l,2.  3.  9.  12.  151,  "$")=(  1.  6.  101  (5) 
DM0_5oto((l,2.  3.  9.  12.  !5h"a-)  =  (1.3.  9.  10,  12.  15)  ( 
DH0_goto((l,  2.  3.  9.  12.  151.  "b")»{  I.  4.  6.  13.  161  (7) 
D«0_Roto((1.2.  3.  9.  12.  I51 .VH1.5 .   101  (5) 
DK0j?oto((l.  2.  3.  9.  12.  151.  "d")=(l.  6.  101  (5) 

l»10_slatc  (18):  (1,2.  G.71 
Dsio_?.(itci(!1.2.  G.71.  "$")  =  (  I.  61  (2) 
DH0_goto(  (  1,  2.  G.  7).  "a")=  (  I.  3.  9.  12.  151  (3) 
DM0_gc)to((l,2.G.71."b")=(1.6.71  (4) 
D'«0_Roto([1.2.G.7),"c")  =  (l.G,8)  (8) 
DMO_TOto([l.2.G.7),"d")M1.61  (2) 

p / G ,   i o  

/A  CU€f  of  jS'ATG  -  

state  output  S  a  b  c  d 
1.  t  ]  2  3  2  2  2 
2  (  ]  2  3  4  2  2 
3  1  ]  5  6  7  5  5 
4  [  ]  2  3  4  8.  2 
5  (  ]  2  3  4  9  2 
( i t   ]  5  6  7  10  5 
7  (  ]  11  12  13  14  11 
8  (  ]  2  3  4  2  15 
9  [  ]  2  3  4  2  15 

10  [  ]  2  3  4  9  15 
11  [  ]  2  3  4  2  15 
12  [  ]  5  G  7  5  16 
13  [  ]  2  3  4  8  15 
M  [  ]  15  17  18  15  15 
15  [  A]  2  3  4  2  2 
1G  (  A]  2  3  4  9  2 
17  [  A]  5  6  7  5  5 
18  (  A]  2  3  4  8  2 

TOTAL  6  7  T R M / T > o > J j  
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if  f£<(c7£f) 
Af  A  if  6  7  X. 

To  f7A76,I  <X,y  > 

. / T / / 7  
VALU6J  I  «  f,  l?,  c)  AR£  jf70R£D 

fTATef  < X , J >   ARE  rfTo  R£i> 

OUI04J  Ut*t]   If  S67  70 
odtPvt  VALoe*/  A « K , y > )  

OaJIoaJ  U{\x  \  If  AT»f£P 
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FH0_state  (l):  <(l).  1> 
NH0joto({l}."S-)--(l,6} 
FH0_goto(<(l).  !>.T)=<(6).  l>  (2) 
NH0_goto((l}.-a-)=(l.3.  9.  12.  15) 
FH0_goto(<(ll.  1>.V)=<(3.9.  12.151.  1>  (3) 

v  NHO_80toC  {  1  »  .  "b"  )  «  (  1.  6) 
FM0joto«{ll.  l>.-b")=<(61.  1>  (2) 
NM0_goto({l).-c-)  =  (1.6} 
FH0_goto«(ll.  1>.  -c_)=<(6}.  1>  (2) 
NH0_gotoC(l}.  _d">=(l.  6} 
FH0_goto(<(ll.  l>."d")=<(61,  1>  (2) 

FK0_state  (2):  <(61.  1> 
NM0_goto({  6  },-$■>() 
FH0_fail«(6}.l>."$-)=<{l}.l>  (1) 
N«0_goto((6).-a-)={) 
NHO_goto((6}.-b-)=(7} 
FH0_goto«{6>.  l>."b")  =  <(7).2>  (4) 
NH0_goto((61.V)={) 
NK0_goto((6>.-d->{) 

FK0_state  (3):  <(3.  9.  12.  151.  1> 
NH0_got»((3.  9.  12.  !5!.-$-)--(10) 
FHO_goto«(3.9.  12.  15).  1>."S-)=<(10),2>  (5) 
NM0joto((3,  9.  12.  15)."a")--(10) 
FHO_goto(<(3.9.  12.  15).  1>.  "aXUO).  3>  (6) 
NH0_goto((3.  9.  12.  15).  "b")M4.  13.  16) 
FH0_goto(<(3.  9.  12.  15).  1>.  "b-)--<(4.  13.  161.  2>  (7) 
NH0_goto((3.  9.  12.  151."c-)=(10) 
FHO_goto(<(3.9.  12.  15).1>.V)=<(10}.2>  (5) 
NH0joto({3,  9,  12,  15}."d")=(10) 
FH0_goto«(3.  9.  12.  151.  1>,  "d-)=<(10).  2>  (5) 

FMO_state  (4):  <{71.2> 
NH0j?cHo([7).  -$■>-() 
FHO_fail(<(7}.2>."$-)=<(6).  1>  (2) 
NM0_goto([7).-a_)={) 
NH0_goto({7),-b-)={) 
NKO_goto((7).-c")=(8} 
FKO_goto(<(7),2>,  V)=<(81,2>  (8) 
NK0_gotoC(7).-d')=() 

FMO_state  (5):  <(10),2> 
NHO_goto((  10).  ■$•)  =  (} 
FHO_fail«(10}.2>."S><(6).  1>  (2) 
NHO_gota({10)."a")={) 
NHO_goto((10).  -b^Ml 
NMO_goto({10)."c-)=(lll 
FHO_goto(<(10(.2)._c-)-<{ll),2>  (9) 
NHO_goto({10),_d-)=() 

FHO_state  (6):  <{10),3> 
NKO_goto((10),  "$')  =  {} 
FHO_fail(<(IO).3>.-$-)  =  <(3.9.  12.  15),  1>  (3) 
NHO_goto((10),  -a->() 
NHOjotQ((10)._b-)={) 
N«0_gotoC(10)."c-)={ll) 
FHO_)to«(10}.3>.V)=<(ll}.5>  (10) 
NMO_goto({10)."d->(} 

FHO_state  (7):  <{4.  13.  161.  2> 
NHO_goto( 
FHO_goto( 
NKO_goto( 
FMO_goto( 
MO  _goto( 
FHOjgotoC 
NHOjtotoC 
FH0_goto( 
NM0_goto( 
FH0_goto(' 

FUO  state  (! 
NH0_goto( 
FH0_fail( 
NHO_goto( 
NH0_goto( 
NHO  goto( 
M0_goto( 
FH0_goto( 

(8): 

FHO_statc  (9 
NHO_goto(  ( 
FH0_fail(< 
M0_goto(  ( 
NH0_goto(( 
NHOjgoto(( 
NH0_goto({ 
FH0_goto(< 

FMO  state  (II 
NH0_goto({ 
FH0_fail(< 
NK0_goto({ 
NH0_goto(( 
NH0_goto({ 
NH0_goto({ 
FH0_goto(< 

FHO_state  (L 
Nio_goto({ 
FHO_fail(< 
NHO_goto({ 
NH0_goto(( 
NHO_goto({ 
NH0_goto(  ( 
FKO_goto(< 

FHO_state  (II 
NH0_goto(  ( 
FH0_fail(< 
NH0_goto({ 
NH0_goto({ 
NMO_goto(  ( 
NHO_goto(  ( 
FMO_goto(< 

A.  13.  16).-$-)=(141 
:(4.  13.  161.2>.-$")=({14).2>  (H) 
4,  13.161.-a-)=(14) 
(4.  13.  16}.2>.V><{14).3>  (12) 
4,  13.16I.VW14} 
{4.13.16}.2>.-b-)=<(14),4>  (13) 
4.13.  161.  "0 (5 .17 )  
(4.13.16).2>.  V)=<(5.17).2>  (14) 
4.  13.  161."d-)=(141 
(4.  13.  16).2>,-d")=<(14).2>  (11) 

):  <(8}.2> 
8),  "$")=(} 
(81.2>.-$-)=<(6).  1>  (2) 
8 1 . V H )  
I).  mV)'[) 
8l.V)={} 
8).'d")={21 
l8).2>.-d-)=<(2),2>  (15) 

<(ll).2> 
I.  ■$')=() 
1).2>._S_)  =  <(6).  1>  (2) 
)."a-)=() 
).V)=.{) 

).-d-)=(2) 
II.  2>.-d-)=<{2).2>  (15) 

:  <(111.5> 
)."s->(l 
1}.5>.V><(10),2>  (5) 
).V)  =  {) 
}.V)={) 
}."c-)=n 
).-d-)=(2) 
11.5>.-d-)=<(2).2>  (15) 

:  <(141.2> 
)."$■)=() 
41.2>."$-><(6).  1>  (2) 
} .VW} 
).V)«{} 
)."c")={) 
).-d")  =  (2) 
4}.2>.V)=<(2}.2>  (15) 

:  <(14l.3> 
)."S")=() 
41.3>."S_)  =  <{3.9.  12.  15).  1>  (3) 
}.V>={} 
).*b-)=() 
)."c-)={) 
)."d")=(2) 
4).3>,-d_)=<(2).5>  (16) 
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FM0_state  (13):  <[14}.4> 
NH0_goto({U),  "$•)={} 
FM0_fail«(14}.4>.  '$")=<(71.  2>  (4) 
NM0_goto((14),"a">{} 
NH0_goto((141."b")={} 
NH0_goto((141.V>{} 
NHO_goto((141."d")={21 
FHO_goto«(14).4>,"d-)=<(2}.2>  (15) 

FMO  state  (14):  <(5.  171.  2> 
NMO  _goto({5.  171."$->(21 
F.MO_20to(<(5.  171.  2>.  "$")  =  <  (21.  2>  (15) 
NM0_goto({5.  171.  V >   (2) 
FH0_goto(<(5.  17},2>.VX(2I.3>  (17) 
NMO  _goto((5.  171."b-)=(21 
FH0_goto«{5.  171.  2>.  "b")=<{21.  4>  (18) 
NM0_goto((5.  17>,"c")--(21 
FH0_goto(<{5.  17}.2>,V)=<{2}.2>  (15) 
NH0_goto((5.  17}."d")={2) 
FM0_goto(<(5.  17}.2>."d")=<{2}.2>  (15) 

FHO_state  (15):  <(21.2> 
NH0_goto((21."S-)=() 
FMO  fail(<(2).2>."$")=<(6).  1>  (2) 
NM0_goto((21."a-)  =  {} 
NM0joto({2},"b")=(} 
NM0_goto({21."c-)  =  (} 
NH0_goto((2),"d-)M} 

FHO_state  (16):  <(21.5> 
NM0_goto((21.  "$•>(} 
FMO_fail«{21.5>."S-)=<(101.2>  (5) 
NM0_goto({21.-a-)=(} 
KM0_goto({21."b")M} 
NMO  goto({21."c")=(l 
NM0_goto((21.'d-)=(l 

FH0_state  (17):  <(2).3> 
NM0_goto({21.  "$')=(} 
FMO_fail«(2).3>."S')=<(3.9.  12.  151.  1>  (3) 
NM0_goto((21._a")=() 
NM0_goto((21.-b-)=() 
NM0_goto((21.wc-)=(l 
NH0_goto({2).-d")=(l 

FM0_state  (18):  <(2}.4> 
NM0j?oto((2>.  "$-)={} 
FH0_fail«{2),4>.V)=<{7}.2>  (4) 
NH0joto((21,"a')=(l 
NH0_goto((21."b")=() 
NM0_goto((21."c")=() 
NM0_goto((21.-d-)=(} 
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